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Original Communications 


COMPLETE REPLACEMENT OF THE MITRAL VALVE 


Successful Clinical Application of a Flexible 
Polyurethane Prosthesis 


Nina S. Braunwald, M.D., Theodore Cooper, M.D., Ph.D., 
and Andrew G. Morrow, M.D., Bethesda, Md. 


NCREASING numbers of open operations for the correction of mitral regurgita- 

tion have been performed in recent years. The experience in this clinic, as 
well as at other centers, has shown that, in a large proportion of patients with 
mitral regurgitation, reconstructive procedures utilizing existing valve tissue 
have been followed almost universally by disappointing clinical and hemody- 
namic benefit at the expense of significant operative risk. The poor results of 
reconstructive operations are largely related to the extensive immobility, 
calcification and loss of valvular substance which is encountered, and the need 
for a suitable prosthesis for complete replacement of the mitral valve has be- 
come increasingly evident. Many types of prosthetic mitral valves, constructed 
of either rigid or flexible materials, have been designed and evaluated in experi- 
mental animals’ * and a few reports of clinical application have been made.* 4 
To our knowledge, however, complete excision and successful replacement of the 
mitral valve has not been previously described. In the present report the design 
and methods of fabrication of a prosthetic valve constructed of flexible poly- 
urethane foam are presented and the application of this valve in the surgical 
treatment of 2 patients with mitral regurgitation is described. 


DESIGN, FABRICATION, AND EXPERIMENTAL EVALUATION 


In considering the mechanical design of the valve it was thought that a 
prosthesis which closely approximated the anatomy of the normal mitral valve 
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would be most likely to provide an effective functional substitute. Such a design 
takes advantage of ventricular contraction as well as the pressure differences be- 
tween the atrium and ventricle. Wax or plaster casts were made of the mitral 
ring and the mitral valve leaflets in fresh normal or diseased human hearts and 
in the hearts of normal dogs and calves (Fig. 1). The casts were trimmed and 
smoothed and from them two-piece molds were made of Devcon, an industrial 
molding compound* (Fig. 2). In constructing the valve, a thin piece of knitted 
Dacron fabrie was stretched over the male half of the mold and secured around 


Fig. 1.—Plaster (left) and wax (right) casts of the mitral valve made at autopsy. 


Fig. 2.—A completed mold in which the valve is fabricated. 


its base. The female half of the mold was then half-filled with catalyzed liquid 
polyurethanet and the mold was quickly closed and compressed. The valve was 
eured in the mold overnight, then removed and trimmed. The valve orifice was 
eut and “chordae tendineae” of Teflon tape were sutured to the leaflets as shown 
in Fig. 3. 

Valves constructed in the manner described were used for complete re- 
placement of the mitral valve in 27 dogs. A left thoracotomy was made since it 
was found that the small left atrium of the normal dog could be incised more 
widely from this approach. After cannulation of the jugular and femoral veins 


*Manufactured by the Devcon Corporation, Danvers, Mass. 
Manufactured by American Latex Company, Hawthorne, Calif. 
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and the femoral artery, complete cardiopulmonary bypass was instituted, the 
left atrium was opened widely and the mitral valve was excised. The prosthesis 
was then inserted in the manner described and illustrated later. After the 
atriotomy had been closed and bypass discontinued, the competency of the valve 
was assessed by measurements of left atrial pressure and the tension on the 
chordae was adjusted (Fig. 4). A mean left atrial pressure of 8 to 12 mm. Hg 


Fig. 3.—The completed valve before (left) and after (right) incision of the commissures and 
attachment of the chordae. 
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Fig. 4.—Left atrial pressure tracings obtained in an experimental animal before and after 
adjustment of the tension on the chordae of the prosthetic valve. 

was considered evidence of satisfactory valve function when systemic arterial 

pressure was normal, and this level of atrial pressure was achieved in six of the 

last ten experiments. 

In the initial experiments no systematic attempt was made to obtain 
survival since not only were valves of various designs employed but the tech- 
nique of insertion was also modified continually. In more recent operations, 
when the design of the valve and surgical technique had been standardized, 
chronic survival was still not achieved but 4 dogs lived from 8 to 40 hours. In 
them, autopsy revealed that the valve surface was covered with a thin layer of 
fibrin but clot formation was never observed; there was no evidence that death 
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resulted from mitral regurgitation or stenosis since pulmonary edema was not 
evident. In the entire experimental experience it was thought that death was 
principally related to the technical difficulties of suturing the valve into the 
normally small and thin-walled atrium of the dog. In several instances the 
sutures tore the annulus and massive bleeding ensued; in other experiments the 
animals died of the sequelae of prolonged perfusion. 

In spite of the difficulties described, it was considered that the basic ob- 
jective, a satisfactory prosthetic valve, had been achieved and experience with 
reconstructive operations indicated that the technical problems of its insertion 
in patients would be far simpler than in the normal dog. 
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Fig. 5.—Records of left atrial (LA), left ventricular (LV), and brachial arterial (BA) 
pressures obtained in patient G. D. at preoperative catheterization (left) and after insertion of 
the prosthetic valve (right). 


CLINICAL APPLICATION 


The prosthesis described has been employed in 2 patients for complete 
mitral valve replacement. 


Case 1.—G. D. was a 16-year-old schoolgirl in whom no history of rheumatic fever was 
obtained. She had been relatively well until 2 years before admission when she began 
to experience dyspnea, fatigability, and ankle edema. All of these symptoms progressed 
and she had been hospitalized on several occasions in congestive heart failure. There 
was a prominent left ventricular lift and a systolic thrill at the apex. A Grade 4/6 
systolic murmur was audible over the whole precordium, maximal at the apex and referred 
to the axilla. No diastolic murmur was present. The chest roentgenogram showed gross 
cardiac enlargement with prominence of the left ventricle and a greatly dilated left 
atrium. The electrocardiogram revealed atrial fibrillation. 

Combined right and transseptal left heart catheterization showed the right ventricu- 
lar pressure to be elevated (52/10 mm. Hg). The Kr} test of 2.6 per cent in this chamber 
excluded a left-to-right shunt. The mean left atrial pressure was 27 mm. Hg and peaks 
of the v waves were 50 to 60 mm. Hg. There, was no diastolic gradient across the mitral 
valve (Fig. 5). 
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At operation (March 10, 1960) the anterior leaflet of the mitral valve was found to 
be contracted, deformed, and extensively scarred. Both leaflets were excised and the 
prosthesis inserted. Bleeding from a tear in the left atrial suture line necessitated pro- 
longed partial cardiopulmonary bypass until it could be controlled. At the conclusion of 
the procedure, simultaneous measurements revealed a satisfactory reduction in mean left 
atrial pressure and a small mitral diastolic gradient (Fig. 5). Palpation of the functioning 
valve revealed it to be mobile and only a slight regurgitant jet could be felt, apparently 
localized to the posterior commissure. 

Postoperatively the patient reacted promptly, was alert and maintained a normal 
blood pressure without support. The cardiac rhythm spontaneously reverted to a sinus 
mechanism. Only a faintly audible systolic murmur was present. After the first 2 hours, 
however, she became oliguric and the serum potassium, in spite of treatment, rose to 7.3 
mEq. per liter. She suddenly became hypotensive and died 60 hours after operation. 

At autopsy the valve was found to be in good position and its atrial surface showed 
no fibrin or clot. Inspection from the ventricular aspect revealed that in placement of 
the artificial chordae, one had inadvertently been passed behind the other. This had 
resulted in obstruction to the valve opening where the chordae crossed. A fibrin clot 
occupied this area. 
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Fig. 6. Phonocardiograms recorded at the apex of the heart in patient M. H. before and after 
operation. No systolic murmur is audible or recorded after insertion of the prosthesis. 


CASE 2.—M. H. is a 44-year-old housewife in whom a heart murmur and cardiac en- 
largement had been noted since the age of 8 years. There was no history of rheumatic fever. 
She had had dyspnea and fatigability for many years and since a pregnancy in 1948 all her 
symptoms had progressed. Six months before admission, congestive failure, edema, orthopnea, 
and pleural effusion had necessitated hospitalization. 

She was thin and appeared chronically ill. The neck veins were dilated, the blood 
pressure was 110/70 mm. Hg and the pulse completely irregular at a rate of 70 to 80. 
Numerous crackling rales were heard at both lung bases. The heart was enlarged, the 
apical impulse lying in the seventh intercostal space outside the anterior axillary line. 
Both left and right ventricular lifts were palpable and a systolic thrill was present at the 
apex. The pulmonary second sound was increased but normally split. A Grade 5/6 
pansystolic murmur was present at the apex and radiated to the axilla (Fig. 6). A Grade 
2/6 diastolic murmur was heard in this area also. The edge of the liver was palpable 
6 em. below the right costal margin. The chest roentgenogram (Fig. 7) demonstrated 
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gross cardiac enlargement with prominence of the left ventricle, left atrium, and pulmo- 
nary artery. There was considerable pulmonary congestion. The electrocardiogram 


showed atrial fibrillation, right axis deviation, and nonspecifi¢ S-T segment and T-wave 
changes, as well as digitalis effect. 


Fig. 7.—Preoperative roentgenographic appearance of heart in patient M. H. 
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Fig. 8.—Records of left atrial pressure obtained at preoperative catheterization (left) and after 
the insertion of the prosthesis (right) in patient M. H. 


At right heart catheterization the right ventricular pressure was elevated to 55/10 
mm, Hg and the right atrial mean pressure was 11 mm. Hg. Unexpectedly, a small left- 
to-right shunt entering the right atrium was demonstrated by inhaled Kr85 tests. The 
catheter was then passed across an interatrial communication and into the left ventricle. 
Arterial indicator dilution curves recorded after left ventricular injection demonstrated 
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a prolonged descent compatible with valvular regurgitation. The left atrial mean pressure 
was 20 mm. Hg and the pulse contour was that of gross mitral regurgitation (Fig. 8). 
There was no diastolic gradient across the mitral valve. When the catheter was with- 
drawn across the interatrial septum a distinct pressure gradient between the left and right 
atria was recorded. 

It was considered that the patient had either an incomplete form of persistent atrio- 
ventricular canal or a small atrial septal detect of the usual type with rheumatic mitral 
regurgitation. At operation (March 11, 1960) palpation of the interatrial septum revealed 
a small defect in the region of the foramen ovale. Palpation within the left atrium dis- 
closed gross mitral regurgitation through a scarred and thickened valve. There was no 
calcification. The valve lesion was considered to be of rheumatic rather than of congenital 
origin, A left atriotomy was made and the anterior leaflet was seen to be curled, 
thickened, and scarred; the posterior leaflet was rolled and immobile. Both leaflets and 
their attachments to the papillary muscles were excised. The chordae of the prosthetic 
valve were placed and the valve sutured to the thickened annulus. The interatrial septal 
defect, which was 1.5 em. in diameter, was closed with several interrupted sutures. When 
left ventricular output had been restored the chordae were adjusted in length until no 
regurgitant jet could be felt. Pressure measurements after the repair (Fig. 8) showed 
a small diastolic gradient across the valve but the pulse contour characteristic of mitral 
regurgitation was absent. 

Postoperatively an elective tracheostomy was performed. The patient’s blood 
pressure was supported by small doses of Aramine for 24 hours, after which this was 
unnecessary. She has made a slow but uneventful recovery and is apparently well 6 
weeks after operation. No precordial murmur is audible (Fig. 6). 


SURGICAL TECHNIQUE 


The operative method employed in each patient was similar. The patient 
is positioned supine with the right chest elevated to 30-40 degrees and a bilateral 
anterior thoracotomy is made extending over the right fifth intercostal space 
and toward the apex of the heart in the left sixth interspace (Fig. 9). Tapes 
are passed about the venae cavae and the aorta freed from the pulmonary artery 
to permit occlusion if necessary. The anterior wall of the left atrium is dis- 
sected from the right atrium if a large area of it is not evident. After cannula- 
tion of the venae cavae and femoral artery, bypass is instituted and a left 
atriotomy made (Fig. 10). The mitral valve is grasped and excised from the 
papillary muscles and annulus; a rim of valve tissue, 2 to 3 mm. in width, is 
left attached to the annulus. The anterior chorda of the prosthetic valve is 
threaded to a Reverdin needle and passed from the cavity of the left ventricle 
through its wall near the base of the anterior papillary muscle, the point of the 
needle being directed so that major coronary vessels are avoided (Fig. 11). The 
posterior chorda is similarly inserted through the ventricular wall near the base 
of the posterior papillary muscle. Each chorda is held with a clamp and a 
mattress suture of heavy silk placed and tied about the site of exit from the 
heart. The valve is then drawn into position and its commissures carefully 
aligned as the natural ones were. The free margin of the valve is then anchored 
with mattress sutures placed in four quadrants of the annulus and the fixation 
completed with continuous sutures between these points (Fig. 12). After the 
air has been evacuated from the heart the left atrium is closed with a continu- 
ous everting mattress suture except for an area in the center of the suture line 
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Fig. 9.—Operative exposure employed in mitral valve replacement. 
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Fig. 10.—After total cardiopulmonary bypass has been established the valve is exposed 
and excised as shown. 

Fig. 11.—Methods by which the artificial chordae tendineae are placed and later secured 
to the left ventricular wall. 
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where interrupted sutures are placed but not tied. The finger is inserted through 
this opening and the vena cava tourniquets are loosened, permitting approxi- 
mately half the systemic venous return to enter the heart. The length of each 
chorda is then adjusted until, by palpation, the valve is made maximally 
competent. They are fixed in this position to the left ventricular wall, buttressed 
by squares of Teflon felt. The final position of the prosthesis is shown in Fig. 


13. 
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Fig. 12. Fig. 13. 


Fig. 12.—Fixation of the prosthesis to the mitral annulus. 
Fig. 13.—Final position and appearance of the prosthesis after insertion. 


COMMENT 


In the design of the prosthetic valve described, it was considered that the 
degree of flexibility of the leaflets was of prime importance. When they were 
made too rigid not only was a relatively high pressure required to open the valve, 
but there was sufficient resistance to closure in systole so that regurgitation 
occurred. The extreme flexibility finally achieved precluded any form of 
internal fixation to prevent leaflet eversion and necessitated the artificial chordae 
tendineae employed. Early experience with the valve indicated that the length 
of the chordae was critical and that it was difficult if not impossible to correctly 
estimate their optimal length when they were sutured to the papillary muscles 
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or ventricle before the valve itself was inserted and functioning. For this 
reason the chordae were brought through the ventricular wall, adjusted and 
fixed in the manner described. This technique permits regulation of the tension 
on the chordae when the ventricle is effectively contracting and, by palpation, 
optimum competency can be obtained. 

Many plastic materials were evaluated in the fabrication of valves. The 
open-cell polyurethane foam surface eventually employed was selected because 
it had been shown to be nontoxic and to induce a minimal inflammatory re- 
sponse. * It was also considered that its structure would allow tissue ingrowth 
and eventual formation of an endothelial-like surface. The material has the 
additional advantage that it can be molded easily without special equipment. 

In each of the patients in whom the valve was inserted a small diastolic 
pressure gradient was present afterward. This observation has suggested 
certain changes in the design of the valve which should further improve its 
hemodynamic function. Preliminary studies indicate that a prosthesis molded 
with the leaflets in a more closed position may be preferable. This modifica- 
tion, which results in a relatively larger anterior or aortic leaflet, also permits 
a larger orifice to be made without regurgitation. In the surviving patient the 
left atrial pressures recorded before and after operation do not necessarily 
reflect the degree of hemodynamic improvement. Before operation an atrial 
septal defect was present; this communication served to decompress the left 
atrium and had it not been present the left atrial pressure would undoubtedly 
have been higher preoperatively. 


SUMMARY 


Prosthetic mitral valves, designed to simulate the normal valve, have been 
constructed of an open-cell polyurethane foam reinforced with Dacron fabric. 
The leaflets are controlled by artificial chordae tendineae which are brought 
through the wall of the left ventricle, the length of the chordae can be adjusted to 
provide optimum competency of the valve. After experimental evaluation the 
prosthesis was employed for complete replacement of the mitral valve in 2 
patients, 1 of whom survived. These patients are described and the details of 
the design and fabrication of the valve and the technique of insertion are pre- 
sented. ; 


ADDENDUM 


May 23, 1960.—The surviving patient remains well following discharge from the 
hospital. In the fifth postoperative week she developed fever but repeated blood cultures 
showed no growth and the fever subsided promptly after the administration of penicillin 
and streptomycin. At this time a faint apical systolic murmur is audible. 
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PARTIAL REPLACEMENT OF THE MITRAL 
VALVE WITH SYNTHETIC FABRIC 


Harold King, M.D., Chien Sheng Su, M.D., and 
Joe G. Jontz, M.D., Indianapolis, Ind. 


INTRODUCTION 


S THE TECHNIQUE of the open approach for visual correction of mitral valve 
disease becomes better developed, it is evident that direct plastic recon- 
struction of the valve leaflet would often be desirable. In many instances the 
use of foreign tissues or materials would be necessary to restore the valve to a 
more normal anatomic state. The easy availability of synthetic fabrics would 
make their use desirable in this location. Whether healing would occur and 
good function result when plastie cloth was substituted for part of an actively 
moving valve, subjected to high pressure changes, was not known. The present 
study was therefore undertaken. 


METHODS 


Mongrel dogs weighing 11 to 18 Kg. were used. Anesthesia was induced 
and maintained with intravenous methohexital sodium.* Respiration was con- 
trolled by insufflation of 100 per cent oxygen through an endotracheal tube. 
The animals were cooled to 33° C. in an ice bath. After they were removed 
from the bath, the esophageal temperature usually stabilized around 30° C. 
(28° to 32° C.). 

A right thoracotomy was carried out through the fourth intercostal space. 
A large plastic tube was inserted into the right atrium for the gravity drainage 
of venous blood to the pump-oxygenator. The left femoral artery was cannu- 
lated for arterial inflow from the pump and the right femoral artery for moni- 
toring of arterial blood pressure with a mercury manometer. A Sigmamotor 
pump and a large bubble oxygenator were used. The pump-oxygenator was 
primed with blood taken from donor dogs anesthetized lightly with methohexital 
sodium. Total cardiac bypass was established, usually at a flow rate of 40 c.e. 
per kilogram per minute. The heart was arrested with acetylcholine which was 
injected into the proximal aorta at a dosage of 10 mg. per kilogram of body 


2 From the Department of Surgery, Indiana University School of Medicine, Indianapolis, 
Ind. 

Aided by grants from the James Whitcomb Riley Memorial Association, Department of 
Health Education and Welfare, and the Indiana Heart Foundation. 

Received for publication Nov. 9, 1959. 

*Furnished by the Lilly Laboratory for Clinical Research, Indianapolis, Ind. 
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weight. The left atrium was entered through the interatrial groove. The 
atrium was completely cleared of blood by an aspirator. In one group of ani- 
mals, the central and basal portion of the aortic leaflet of the mitral valve was 
then incised close to and essentially parallel to the annulus. An elliptical piece 
of tissue, about 1 by 0.5 em. in size, was excised. The defect was then grafted 
with a slightly larger piece of nylon or Teflon cloth. This was sutured into 
place with two or three running sutures of 5-0 arterial silk (Fig. 1, @). 

In another group, the septal leaflet and attached chordae tendineae were 
excised but for a small rim of leaflet tissue next to the annulus. An artificial 
leaflet was then fashioned from synthetic fabric. The outline was similar to 
that of the normal leaflet. It was sutured above to the rim of leaflet tissue 
adjacent to the annulus, and below two extensions were sutured to each papillary 
musele (Fig. 2, a). The left atrium and ventricle were then filled with saline 
solution and the left atrial wall was closed. The aspiration of the proximal 
aorta was carried out with a small needle before the aortic occlusive clamp was 
removed. In many iistances, air was present in this location. If ventricular 
fibrillation occurred, it was converted to a more normal rhythm with electrical 
shock. 

Total cardiopulmonary bypass time ranged from 30 to 50 minutes and 
cardiae arrest from 20 to 40 minutes. The animals were re-warmed by immer- 
sion in hot water at 42° C. until the esophageal temperature reached 35° C. 


EXPERIMENTAL RESULTS 


Initially, operations were done without sterile precautions. Many animals 
did not survive because of errors in surgical technique or in the management 
of the cardiopulmonary bypass. Air embolism wés a particularly difficult prob- 
lem. Some survived the initial postoperative period only to die from 3 to 7 
days afterward from partial or total dehiscence of the suture line of the graft. 
Some failures resulted from infection and septic thrombosis of the left atrium; 
other failures were a result of suturing the plastic material to an area of the 
leaflet which was too thin and delicate. Dehiscences of the suture line were 
characteristically located near the free edge of the leaflet where the valve sub- 
stance was thinnest (Fig. 1, b). These animals would characteristically do well 
for 1 to 3 days after the operation; they would then suddenly become ill and 
die within a few hours. 

As a result of these experiences, the operative technique was altered so that 
the incision in the leaflet was located in the thicker, more basal portion close to 
the annulus. Separation of the suture line did not then occur. Five animals, 
operated upon under aseptic conditions, tolerated partial replacement of the 
major leaflet well and lived an active kennel life until the time of sacrifice. No 
cardiac murmurs were heard. In 3 of the 5, the left atrial and left ventricular 
pressures were taken 3 months after the grafting procedure. The pressure 
tracings were entirely normal and showed no evidence of mitral insufficiency. 
In 4, nylon cloth was interpolated into the valvular defect, and in the fifth, 
Teflon was used. The animals were sacrificed 3 months after the operative pro- 
cedure. All of the grafts were invested with a layer of fibrous tissue which had 
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a smooth endothelial-like surface. One showed a moderate amount of fibrous 
thickening in the region of the suture line (Fig. 1, c). In the others, the plastic 
cloth was covered with a very thin layer of fibrous tissue (Fig. 1, d). None 
demonstrated any significant contracture of the leaflet tissue itself. 

Complete replacement of the major leaflet was carried out on 5 animals 
with aseptie precautions. Nylon cloth was used in 2. One lived 10 and the 
other 13 days. Both died in congestive heart failure. Autopsy revealed mitral 


Fig. 2.—Two illustrations showing complete replacement of the major leaflet and attached 
chordae tendineae with synthetic fabric. 


a, A drawing which shows the size and configuration of the artificial leaflet. The two 
lateral extensions of the graft were sutured to the papillary muscles. The extensions prevented 
eversion of the graft. 


b, A photograph of an artificial leaflet of Teflon fabric. Following placement of the graft 
the animal remained in good health for 3 days and then became sick and died. Overwhelming 
mitral insufficiency resulted when a lateral extension of the graft became detached from a 
papillary muscle. The suture remained attached to the graft. The fabric is partially covered 
with a smooth layer of fibrin. 
insufficiency to be present at both extremities of the graft. It was our im- 
pression that the valve function could be improved by increasing the area of the 
synthetic leaflet. Teflon cloth was used in the next 3 dogs. The grafts were 
made larger in size. One animal survived 18 days. Death resulted from 
dehiscence of the thoracotomy incision. Autopsy showed the valve to be com- 
petent. Another did well for 5 days and then died suddenly. Autopsy revealed 
one limb of the graft had become detached from the papillary muscle. Severe 
overwhelming mitral insufficiency resulted (Fig. 2, b). The third dog did 
well for about 6 weeks when it became sick and inactive. The animal was 
sacrificed at 7 weeks. Once again the graft was found to be separated from one 
of the papillary muscles. 
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Neither of the synthetic fabrics used in this experiment was entirely 
suitable for valve replacement. Sutures frequently pulled out of the nylon 
cloth even though the edge was carefully coagulated with heat. The nylon was 
thin and approximated the consistency of the leaflet tissue; however, it was in- 
elastie and had a tendeney to wrinkle. Sutures held well in the woven Teflon 
without special treatment of the cut edge. Unfortunately, the Teflon fabrie 
which was commercially available was considerably greater in thickness and 
much less flexible than the mitral leaflet of the dog. Both fabries were difficult 
to work with because of their inelasticity and relative inflexibility. Theoretically, 
the changing size of the mitral annulus and the normal variation in curvature 
of the leaflet from coneave to convex with each heartbeat would make permanent 
pliability of the graft material most desirable. For replacement of a large area 
or a complete leaflet, elastic fabries and living homologous tissues, such as atrial 
wall, should be investigated. The commercially available woven Teflon fabric 
should be satisfactory in most instanees for partial leaflet replacement in 
patients. 

Our results demonstrated that synthetie fabries could be used successfully 
for partial replacement of the major leaflet of the mitral valve. The diaphanous 
character of the mitral leaflet of the dog made the technical problem of suturing 
the graft to the leaflet a difficult one. Good healing could not be expected if 
a portion of the suture line was located in the extremely thin medial area. When 
the graft was placed in the thicker basal part of the valve, better results were 
obtained. 

Attempts to replace completely the major leaflet of the mitral valve were 
all eventually unsuecessful. The synthetic leaflets were made similar in con- 
figuration but slightly larger than normal. These functioned astonishingly well 
for short periods of time. Dehiscence of the attachment of an extension of the 
eraft to a papillary muscle was the most common cause of failure. This fault 
undoubtedly could be corrected by a change in operative technique. Fabrics 
more suitable for valve replacement than those used in this study should also 
improve the results. Whether the flexibility of the graft would ultimately be 
lost as the fabrie became covered with fibrous tissue was a question this study 
did not resolve. In the 1 animal that survived 7 weeks following complete 
replacement of the major leaflet, the fabrie was relatively stiff at the time of 
autopsy. In view of the excellent functional results obtained in the early post- 
operative period, it would appear reasonable that complete leaflet replacement 
would be feasible once suitable replacement fabries or tissues are found. 


SUMMARY 


1. Synthetie fabrics can be used successfully for partial replacement of 
the major leaflet of the mitral valve. 

2. The problem of complete leaflet replacement is a difficult one and should 
be studied further. Some animals had good function of the mitral valve for 
short periods of time. All, however, eventually died from mitral insufficiency. 





THE EVALUATION OF MITRAL STENOSIS WITH SELECTIVE 
LEFT VENTRICULAR ANGIOCARDIOGRAPHY 


Viking Olov Bjork, M.D., and Herman Lodin, M.D., Uppsala, Sweden 


EFT ventricular angiocardiography is never primarily indicated for the 
L evaluation of the stenotic component in mitral valvular disease. Intro- 
duction of contrast medium direct into the left atrium by pereutaneous injection 
over the ninth rib paravertebrally on the right side will provide much more 
reliable information about a mitral stenosis when this is needed. In the course 
of left ventricular angiocardiography in the evaluation of mitral insufficiency 
and aortic stenosis we have observed a typical doming of the stenosed mitral 
valve. After correlation of this roentgenologie sign with the findings at 
surgery, we consider it to be of significant diagnostic value. 


METHOD 


The patient is examined in the supine position, a needle being introduced 
through the apex beat and directed toward the second right costochondral june- 
tion. The preeedure is performed under local anesthesia. One to one and one- 
half milliliters of 76 per cent Urografin per kilogram of body weight is injeeted 
at a rate of 30 ml. per second. The exposures (maximum time, 0.03 see.) are 
made in two planes (frontal and lateral projection) with a frequeney of 6 frames 
per second during and -1 to 2 seconds after the injection. The examination is 
concluded with a series of frames taken at a frequeney of 1 to 2‘per second. 
During and 1 to 2 seconds after the injection, the carotid arteries are com- 
pressed in order to reduce the flow of contrast medium to the brain. 


RESULTS 


1. Open Mitral Orifice—No dome formation was found in cases in which 
there was no mitral stenosis. One patient with a normal heart was investigated 
(Fig 1, A and B). In this ease the blood from the left atrium during diastole 
rapidly found its way into the left ventricle causing a filling defect in the 
valvular area. In the anterior projection, however, the defect was sharply out- 
lined in its inferior part only, and not all around, as will be demonstrated in 
the eases with typical doming of the fused mitral valves. In most patients with 
no mitral stenosis, the anterior projection will show at most a poorly defined 
defect in the ventricular contrast (Fig. 2, A). 

From the University Hospital, Uppsala, Sweden. 

Received for publication Sept. 22, 1959. 

17 





BJORK AND LODIN J. Thoracic and 


Cardiovas. Surg. 


Fig. 1.—A 42-year-old man with a normal heart and a malignant tumor of the thymus. 
Left ventricular angiocardiograms in ventricular diastole. A, Frontal projection, In the upper 
part of the left ventricle a filling defect the size of a walnut, with a sharp inferior border (—). 
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Fig. 1—Cont’d. B, Lateral projection. The mitral leaflets are partly visualized. The 
posterior leaflet (4) is more or less parallel to the x-ray beam and _is therefore responsible 
for the sharp inferior border of the defect in the anterior projection. The anterior leaflet (—), 
however, is oblique to the x-ray beam and is not distinctly outlined in the anterior projection. 
"ie area between the leaflets has a poorly defined anterior border, caused by the rapid mixing 
of the contrast medium with blood from the left atrium, No doming. 
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In eases of a patent mitral orifice, the leaflets may be seen in the lateral 
projection during diastole (Figs. 1, B and 2, B).- The valvular area is not 
sharply outlined anteriorly, owing to the rapid emptying of the left atrium and 
immediate dilution of the contrast medium in the left ventricle; thus, no dome 
is visible. 
2. Mitral Stenosis—When the mitral valves are fused to form a dome 
during diastole, this dome will bulge into the left ventricle making a sharply 
outlined filling defect in the left ventricle. This formation is seen in both the 


Fig. 2.—A 27-year-old man with pure aortic stenosis. Left ventricular pressure was 
164/20 mm. Hg. Pressure gradient over the aortic valves was 27 mm. Hg. Pulmonary capil- 
lary pressure was 9 mm. Hg. Pulmonary artery pressure was 20 mm. Hg. Left ventricular 
angiocardiograms in ventricular diastole. A, Frontal projection. In the mitral valvular area 
of the left ventricle a small, poorly defined, filling defect can be seen, caused by the inflow of 
blood from the left atrium. 
frontal and lateral projections (Figs. 3, A and B, and 4, A and B). In all 20 
patients operated upon, in which a dome had been found preoperatively in the 
left ventricular angiocardiogram, mitral stenosis was found at operation. The 
stenosis was severe in all but 1 ease in which it was very mild, admitting 114 
fingers. 

In eases of combined mitral stenosis and mitral insufficiency, it may be 
difficult to demonstrate doming if the insufficiency is severe, since contrast 


medium then becomes mixed with blood in the left atrium and no distinct 





Fig. 2.—Cont’d. B, Lateral projection. The open mitral orifice is seen and the mitral 
leiflets are partly visualized. Rapid mixing of the blood from the left atrium and the con- 
trust medium between the leaflets causes an anterior border that is not sharp. No doming. 
Anterior (—) and posterior (4) mitral leaflet. 
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stenosis (no pressure gradient 
over the aortic valves) and mitral insufficiency. At operation there was a rigid mitral stenosis 
with an opening, 10 mm. long. Transventricular dilatation of both mitral and aortic stenosis. 
Left ventricular angiocardiograms in ventricular diastole. A, Frontal projection. Inferior to 
the aortic orifice an oval, clearly outlined, ventricular filling defect is seen. The defect is 
caused by the fused mitral leaflets. True mitral dome formation. 


Fig. 3—A 49-year-old woman with mitral and aortic 





ig. 3.—Cont’d. B, Lateral projection. The fused mitral leaflets form a sharply outlined dome 
bulging into the ventricle. 
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Fig. 4.—A 42-year-old woman with mitral re-stenosis. At reoperation, the mitral orifice 
was found to admit the tip of the little finger. Pulmonary artery pressure was 15 mm. Hg, 
pulmonary capillary pressure (systolic) was 30 mm. Hg—during work it was 57 mm. Hg. Left 
ventricular angiocardiograms in diastole. A, Frontal projection. Slit-like, sharply contoured 
defect in the mitral valvular area. In tais case the inferior border is caused by the anterior 
leaflet and the superior border of the posterior leaflet. 
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_ Fig. 4.—Cont’d. B, Lateral projection. The anterior leaflet (>) bulges forward, and 
its border is pulled down. The posterior leaflet (4) is thickened, and its upper border is pro- 
j cted above the border of the anterior leaflet. 





96 BJORK AND LODIN Pets merge 
difference between atrial and ventricular contrast density can be made out. 
In these eases the dome will only be outlined at the beginning or the end of 
the cycle. 

3. The False Dome.—It is most important to see the doming of the mitral 
valves in both anterior and lateral views to establish the diagnosis of mitral 
stenosis. In the lateral projection the atrial wall may simulate a dome caused 
by fused mitral valves, but in such cases no dome can be seen in the antero- 
posterior projection. Furthermore, this false dome in the lateral projection will 
persist during systole (Fig. 5, A-D). 


~ 


Fig. 5.—A 31-year-old woman with pure mitral | insufficiency. Exploratory cardiotomy 
revealed a severely incompetent mitral orifice admitting 2 fingers. Left ventricular angio- 
cardiograms. A, Frontal projection. Diastole. No ventricular filling defect. 


CONCLUSION 


Ordinarily the inferior border of the filling defect seen in the anterior 
projection may be sharply outlined and caused by the mitral annulus itself, 
the short posterior mitral leaflet lying tangential to the x-ray beams in diastole 
(Fig. 1). Usually the superior border is not distinctly outlined since, in 
diastole, the anterior mitral leaflet is projected obliquely to the plane. Further- 
more, the rapid emptying causes immediate dilution of the contrast medium 
resulting in a poorly defined border between this and blood. A diagnosis of 
mitral stenosis can only be accepted if, (1) the contrast defect is observed in 
both planes, and (2) the defect in the anterior plane is sharply outlined all 
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Fig. 5.—Cont’d. B, Lateral projection. Diastole. Dome formation resembling true mitral doming. 
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Fig. 5.-—Cont’d. C, Systole. The dome formation is unchanged. 
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Fig. 5.—Cont’d. D, Diastole. The left atrium filled with contrast medium. The dome forma- 
tion corresponds to the atrial wall. 
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around. This is due to the slow emptying of blood from the left atrium and 
the forward bulging of the fused mitral valves. The doming will cause one 
part of the anterior leaflet to lie parallel to the x-ray beams and therefore to be 
visualized. Thus, the anterior mitral leaflet will act as a bulging sail behind 
which a pool of contrast-free blood projects into the left ventricle (Fig. 6). 

In most eases the filling defect has been rounded, but owing to the relation 
between an eccentric orifice and the projection used, the defect:-may appear 
more slit-like and the border of the anterior leaflet may sometimes even be 
viewed below that of the posterior leaflet (Fig. 4). 


(\A 
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Fig. 6.—Diagram which illustrates the visualization of the mitral dome. Left side—Lateral 
projection. Right side—Frontal projection. 


The absence of a dome in the anterior projection in eases of an enlarged 
left ventricle cannot exclude the presence of a mitral stenosis, as excessive con- 
trast medium in the left ventricle will mask the dome. 


SUMMARY 


During a series of selective left ventricular angiograms, we have observed 
a clearly visible and sharply outlined filling defect in the left ventricle caused 
by the fused mitral valves forming a dome and projecting down into the left 
ventricle. When this dome is visible, sharply outlined in both lateral and 
anteroposterior projections, it constitutes evidence for the diagnosis of mitral 
stenosis. It must be distinguished from the left atrial wall, which will be seen 
projecting into the left ventricle only in the lateral projection. 

The roentgenologice diagnosis has been confirmed at operation. 





TRICUSPID ATRESIA 


Treatment by Superior Vena Cava—Pulmonary Artery Anastomosis 


Gordon R. Cumming, M.D., F.R.C.P.(C), Colin C. Ferguson, M.D., 
F.R.C.S.(C), James N. Briggs, M.D., M.R.C.P., and Edward G. 
Brownell, M.D., F.R.C.P.(C), Winnipeg, Manitoba 


FTER much animal experimentation,'* Glenn reported the clinical application 
A of a superior vena cava to pulmonary artery anastomosis. This unique 
anastomosis has had a longer and more extensive trial in Russia’ and in some 
centers is favored over the Blalock or Potts types of anastomosis for cyanotic 
congenital heart disease. Tricuspid atresia is one anomaly not yet amenable to 
open-heart surgery and in the following case such gratifying results were 
obtained by a superior vena cava to pulmonary artery anastomosis that it 
would seem that further attention should be drawn to this procedure. 


CASE REPORT 


T. H., a girl, was born 3 weeks prematurely. Pregnancy, delivery, and neonatal course 
were uneventful. A cardiac murmur was noted at age 3 days. At the age of 6 weeks, the 
infant was doing well, no cyanosis was noted, but the murmur was still present. At 7 weeks 
of age, following a mild gastrointestinal upset, cyanosis developed suddenly, and the infant 
was in severe distress. On admission to the hospital, cyanosis was severe, pulse was 200, liver 
edge was 3 em. below the costal margin, and a Grade 8 systolic murmur was heard along the 
left sternal border. Severe cyanosis persisted despite oxygen therapy and digitalis, and 
two anoxie attacks were observed. 

X-ray studies of the chest showed moderate cardiac enlargement, a concave pulmonary 
artery segment, decreased lung vascularity, and a pneumonic area in the right middle lobe. 
‘The electrocardiogram showed left axis deviation (minus 30 degrees) and a clinical diagnosis 
of tricuspid atresia was made. An angiocardiogram, with a catheter high in the inferior 
vena cava, showed (Fig. 1) the atresia of the tricuspid valve and a small patent foramen 
ovale. Additional films (Fig. 2) showed this to be a type 1b of Keith and associatesé with 

small ventricular septal defect, a rudimentary right ventricle, and a small pulmonary 
artery. The aortic arch was on the right side. 

Using the operative technique of Glenn,+ the right pulmonary artery was anastomosed 

» the superior vena cava and the junction of the latter to the right atrium was occluded 
ig. 3). The entire operative procedure lasted less than one hour. 
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Fig. 1. Fig. 2. 


Fig. 1—An angiocardiogram, posteroanterior view, which shows atresia at the tricuspid 
valve area, and a jet of medium traversing a patent foramen ovale. 

Fig. 2.—Later film, lateral view, which shows the rudimentary right ventricle and small 
pulmonary artery. 


Fig. 3.—Operative procedure. A, Ligation of the proximal end of the right pulmonary 
artery. _B, End-to-side anastomosis of the pulmonary artery to the superior vena cava. 
C, Ligation at the superior vena cava right atrial junction. 
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An immediate postoperative improvement in the cyanosis was noted, although for the 
rst 4 postoperative days moderate puffiness and cyanosis of the face, neck, and arms was 
ted. The infant was discharged 12 days after operation. When seen at age 5 months, 
t weeks after surgery, the infant continued to do well. The weight was 5.6 kilograms 
mpared to a birthweight of 2.5 kilograms and a weight at 7 weeks of 3.3 kilograms. Heart 
.\ze showed little change. Auscultatory findings were unchanged and there was no continuous 
urmur. There was no facial puffiness, although venous pressure in the right arm was 19 
um. Hg. The ear oximeter showed 85 per cent oxygen saturation, bearing out the just 
‘oteetable clinical cyanosis. Injection of opaque medium into a right antecubital vein 
showed the anastomatic area and the filling of the right pulmonary artery from the superior 


yena cava. 


DISCUSSION 


Early surgery is necessary in tricuspid atresia. Half of all cases fail to 
survive past 6 months of age.6 The type reported rarely survives infancy.‘ 
Pulmonary artery thromboses may occur and preclude successful surgery at a 
later date.* Thus, any surgical procedure for tricuspid atresia must be suitable 
for the small infant. It would appear that a superior vena cava to pulmonary 
artery anastomosis is not only suitable for small infants, but is technically a 
more simple procedure and also has theoretical physiologic advantages over the 
Blalock and Potts anastomoses in cases of tricuspid atresia. 

In a series reported by Neill,’ only 30 per cent of patients, under one year 
of age, with tricuspid atresia survived a Blalock procedure. In many eases, 
while anoxia was corrected, left ventricular failure occurred. In the common 
type of tricuspid atresia the left ventricle is doing all the work of the heart, and 
standard aortic to pulmonary artery anastomoses further increase the load on 
the left ventricle. On the other hand an anastomosis of the superior vena cava 
to the pulmonary artery corrects anoxia without necessarily increasing the load 
on the left heart. Glenn and co-workers* showed that an anastomosis of the 
inferior vena cava to the pulmonary artery leads to ascites and chronie mor- 
bidity. In man further help may be obtained by full use of gravity to aid blood 
flow. The patient reported has been maintained in a 30 degree head-up position 
since surgery. The future course is unknown. (Growth of anastomotie sites is ¢ 
vexing problem but it applies to arterial as well as to venous anastomoses. 
Collateral venous channels may develop between the superior and inferior caval 
systems so that progressively less percentage of the blood from the upper part 
o! the body will reach the right lung. Thromboses may occur, perhaps more 
often than with arterial anastomoses. However, Bakulevy and Kolesnikov® 
claimed better long-term results with vena cava—pulmonary artery anastomoses 
than with Blalock or Potts procedures. In view of the advent of total corrective 
surgery by eardiopulmonary bypass techniques, this type of anastomosis is 
p'obably best reserved for cases such as tricuspid atresia in which total anatomic 
correction is not yet possible. 


SUMMARY 


The anastomosis of the superior vena cava to the right pulmonary artery 
hes had extensive laboratory application and is physiologically a good operation 
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which may be used to bypass the right heart in eases of tricuspid atresia. The 
operation increases pulmonary blood flow without increasing left ventriculai 
work. Technically the operation is simple. A suecessful application of this 
procedure in a sick 7-week-old infant with tricuspid atresia is reported and 
discussed. 


ADDENDUM 


Since submitting this paper for publication, 3 additional patients with tricuspid atresia 
have had a superior vena cava to right pulmonary artery anastomosis. Two, aged 5 and 10 
months of age, have done well, but in the third patient, aged 8 days, it was not possible to 
perform a successful anastomosis and death occurred 8 hours after surgery. The patient 
reported continues to do well. 
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PRESSURE CONDITIONS IN THE PULMONARY CIRCULATION 
DURING CARDIAC BYPASS BY DOUBLE PUMPS 


H. Aletras, M.D., Athens, Greece, ]. Garibotti, M.D., Cordoba, Argentina, 
E. Kolb, M.D., Zurich, Switzerland, M. Noirclerc, M.D., Marseille, France, 

]. Osorio, M.D., Mexico City, Mexico, W. Tomaszewsky, M.D., Warsaw, 
Poland, G. William-Olsson, M.D., and A. Senning, M.D., 

Stockholm, Sweden 


e SEARCHING for reliable methods of cardiae bypass for open eardiae surgery, 
several techniques for the oxygenation of blood have been tried. Isolated 
homologous and heterologous lungs were used (Mustard**) as well as autog- 
enous lungs (Wesolowsky and Welch,'’* Read and _ co-workers,'’? Blanco, 
Schaefer, and Bailey,’ Drew,* ° Shields and Lewis,'* Mustard, Sapirstein, and 
Pav,'® Helmsworth and associates’). The use of the autogenous lungs for 
oxygenation has been technically rather complicated, especially in eardiae mal- 
formations such as septal defects. The interest for this method diminished 
when promising artificial oxygenators were developed. However, the artificial 
oxygenators have their limitations and, with long periods of extracorporeal 
cireulation, the mortality is high. There seems experimentally to be a decrease 
in the diffusion capacity of the lungs (Pitzele and Senning"') which is a serious 
problem especially in patients with low pulmonary reserve, for example, with 
ventricular septal defect combined with pulmonary hypertension. The cause 
of this decrease in pulmonary diffusion capacity is not known but may be due 
to the faet that the lung is the only organ that is not perfused during the 
period of bypass. The trend has been therefore to find a suitable technique 
of using the autogenous lung in cardiae bypass. 

A right-sided bypass ean be suspected of having an unfavorable effect on 
the pulmonary vascular system as pulmonary edema often appears after bypass 
(Blaneo and associates?). These experimental series have been made to study 
changes in pressures in the pulmonary circulation during cardiac bypass by an 
automatie double pump, using gravity drainage and the autogenous lung for 
blood oxygenation. 


TECHNIQUE 


Adult mongrel dogs, weighing 13 to 29 kilograms, were anesthetized with 
intravenous Pentothal intubated, and ventilated with an Engstrom respirator. 


‘ Pa the Surgical Research Laboratory, Thoracic Clinic, Karolinska Hospital, Stockholm, 
Sweden. 
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The femoral arterial pressure was recorded. Thoracotomy was made through 


the fourth intercostal space. 

Bypass was performed with a modification of the pump used in the Cra- 
foord-Senning heart-lung machine* (Crafoord, Norberg, and Senning*) (Fig. 1). 
Eleven experiments were performed at normal body temperature. In nine ex- 
periments, the body temperature was lowered to about 20° C. with a disposable 


Fig. 1.—Double pump for cardiac bypass. 1, Systemic arterial line. 2, Pulmonary arterial 


line. 3, Systemic venous line. 4, Pulmonary venous line. 5, Heat exchanger. 6, Flow meter. 
7, “Left heart” regulation vessel. 8, “Right heart’ regulation vessel. 


heat exchanger in the ‘‘venous’’ side of the left heart pump. This heat ex- 
changer consists of a thin-walled (15 by 30 em.) plastic bag placed between two 
metal plates cooled by tap water. The distance between the metal plates can 
be adjusted from 1 to 4 mm. to regulate the resistance. Heparinized blood 
(25 mg. per 400 ¢.c. blood) was used to fill the system and the dog received 


*Manufactured by AGA, Lidingé, Sweden. 
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4 mg. per kilogram of body weight of heparin. Bypass was, in these experi- 
ments, started simultaneously in both cireuits. Bypass of the right heart was 
made, draining the auricle by gravity to the reservoir of the pump through 
an intercalated flowmeter of rotameter type. The blood was pumped to the 
pulmonary artery by a cannula introduced through the outflow tract of the 
right ventricle. During bypass the pulmonary artery was strangulated round 
the inserted cannula. In four experiments, one pulmonary artery was occluded 
and perfusion dene only to the other lung. 

The left heart was bypassed in a similar way. Blood was drawn from 
the left atrium through a cannula via the heat exchanger into the reservoir of 
the arterial pump and pumped back to the systemie circulation through the 
subelavian artery. The pumps automatically pumped back all blood received 
from the atria. The flow was thus mainly dependent cn the total circulating 
blood volume in the machine and the body. It was kept at a level where the 














a a 
regulating valve. 6, Left auricular cannula with inserted pressure-recording cannu 

blood pressure during bypass was about the same as before the perfusion, ex- 
cept in the nine experiments in which hypothermia was used. In six of these 
experiments, the flow was diminished during cooling from 50 to 30 ml. per 
kilogram of body weight per minute. Undesired variations in flow were cor- 
rected by adjustment of the blood volume. 

Pressures in the pulmonary artery, left atrium and femoral artery were 
recorded with the reference point 8 em. above the operating table by cannulae 
inserted in the pulmonary artery, the left atrium, and the femoral artery 
(Fig. 2). 

The bypass lasted 60 minutes in eleven experiments at normothermia, and 
80 minutes in eight hypothermia experiments, and 120 minutes in one. Cooling 
and rewarming periods were 20 to 35 minutes. After finishing bypass, pro- 
tamine chloride was given until coagulation time was about 5 minutes; the 
blood volume was adjusted to the caleulated pre-perfusion value. 
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RESULTS 


Normothermia.—There were eleven bypass experiments under normo- 
thermia. In Fig. 3 the curves represent the average arterial, pulmonary 
artery, and left atrial pressures as well as the flow during bypass. 

At an average flow rate of 50 ml. per kilogram of body weight per minute, 
the arterial pressure was maintained at the same level as before bypass. After 
perfusion was finished, a fall in arterial pressure was constant. It returned 
to normal when the blood volume was corrected; usually a blood transfusion of 
100 to 200 ml. was given. 


mmHg 
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Fig. 3.—Average mean values of pressure in systemic artery, pulmonary artery, and left 
atrium during bypass with double pump in eleven experiments in which blood flow was kept 
constant and body temperature normal. 
The pre-perfusion pressure in the pulmonary artery was about 13 mm. Hg. 
It remained stable with insignificant fluctuations throughout the experiments 
in all but 1 dog. This dog had a pulmonary artery pressure of 25 mm. Hg 
prior to the bypass, which rose to a maximum of 32 mm. Hg during bypass and 
fell to 27 mm. Hg at the end of it. In this dog, the flow was 80 ml. per kilogram 
of body weight per minute. In the case in which one pulmonary artery was 
clamped, the pressure in the main pulmonary artery did not increase signif- 
icantly. 
The pressures found in the left atrium averaged 1.5 to 2 mm. Hg before 
bypass and dropped to -0.5 mm. Hg when perfusion started and to —-1 mm. Hg 
at the end of it. After perfusion was finished it immediately became normal. 
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There were no signs of pulmonary edema in any of the perfused normo- 
ihermie dogs. 

Hypothermia.—In nine experiments, extracorporeal circulation was com- 
bined with cooling. Fig. 4 shows the recordings of one typical experiment in 
which the flow was allowed to fall. In the experiment shown in Fig. 5, the 
flow was kept constant. Cooling was performed during the first 20 to 25 
minutes of perfusion and rewarming during the last 25 to 30 minutes. With 
falling temperature, the pressures fell in the systemic arteries, the pulmonary 
artery, and the left auricle. In three experiments, however, there was a short 
rise in arterial and pulmonary artery pressure during the first minutes after 
the start of perfusion with cold blood, as is shown in Fig. 5. 
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Fig. 4.—Mean values of pressure in systemic artery, pulmonary artery, and left atrium, 
blood flow and rectal temperature during bypass with double pump combined with internal 
cooling. A typical experiment in which the blood flow was allowed to fall. 

During rewarming, the pressures rose and afterward showed the same 
pattern as in the experiments without hypothermia. 

There were no signs of pulmonary edema in any of the perfused hypo- 
thermie dogs. 


DISCUSSION 


It seems possible that the high mortality after long periods of extra- 
corporeal circulation is caused, in some eases, partly by a decreased pulmonary 
diffusion capacity due to the fact that the lung is not perfused during bypass, or 
partly because the capillaries are occluded by blood particles, or partly because of 
a general effect of blood trauma. These injurious factors ean be avoided or 
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diminished by excluding the artificial oxygenator through using the autogenous 
lung as an oxygenator. The lungs are then perfused and the blood trauma 
from artificial oxygenation is avoided. In combination with cooling, the per- 
fusion volume can be decreased and, as the cireulation is supported by pumps, 
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Fig. 5.—Mean values of pressure in systemic artery, pulmonary artery, and left atrium, 
as well as blood flow, rectal and venous temperatures during bypass with double pump com- 
bined with internal cooling. A typical experiment in which the blood flow was kept constant. 


deep hypothermia can be applied. The flow can then be extremely small and 
periodically arrested, and thus the blood trauma also is diminished in the pumps. 
This technique seems to be of special importance in coronary surgery when long 
extracorporeal circulation periods are necessary. 





Hes PULMONARY CIRCULATION DURING CARDIAC BYPASS 41 

This experimental series has been performed in order to see if pulmonary 
vascular changes occur during cardiae bypass performed by double pumps, 
with or without internal cooling. 

In the series of eleven experiments at normothermia, there were no changes 
in the pulmonary artery pressure, if the starting pressure was normal and the 
flow was kept at a level where the blood pressure in the systemic arteries was the 
same as before bypass. As the collecting vessels of the pump were placed at 
a low level, the pressure in the left atrium fell below zero in the central part 
of the atrium. This minimized filling of the left ventricle from the atrium. 
After finished perfusion, the left atrial pressure immediately reverted to the 
pre-perfusion value. The pressure showed an insignificant rise during bypass 
at a flow of 80 ml. per kilogram of body weight in only 1 dog with slight pul- 
monary hypertension before bypass. This returned to normal, as in the other 
experiments, after perfusion was ended. No changes in the pulmonary vaseu- 
lar resistance during bypass were found in this series of eleven experiments. 

In the other series of nine experiments, in which bypass with double pumps 
was combined with internal cooling to a body temperature of 20° C., the flow 
was kept constant in three experiments, and diminished during the period of 
cooling in six experiments. In all experiments, there was a decrease in the 
pulmonary artery pressure. 

The pressure in the left atrium was recorded in the region of the mitral 
valves where the cannulae hinder the atrium from collapsing, thus making a 
negative pressure possible. This pressure is not, on the other hand, repre- 
sentative for the pulmonary veins. They collapse when the pressure is zero and 
the thorax is open. The inereased pressure gradient between the pulmonary 
artery and the left atrium thus is an artefact only; there is no real increase in 
pulmonary vascular resistance. When the temperature of the experimental ani- 
mal is normalized and the perfusion is ended, the pulmonary artery and left 
atrial pressures have reached their original pre-perfusion levels. 

This experimental series has been part of our training program. Therefore 
the mortality has been high beeause of technical errors. When the most ex- 
perienced among us performed the perfusion, 6 animals out of 8 survived after 
1 hour of perfusion; and two out of three survived in experiments when there 
was 80 minutes of perfusion with the animals under hypothermia. The cause 
of death was postoperative bleeding and infection. 

Experimentally there were no signs of pulmonary circulatory damage 
when this technique of eardiae bypass was applied. The method seems to have 
its application in clinical eardiae surgery. 
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SYSTEMIC HYPERTENSION COMPLICATING THE 
LIGATION OF PATENT DUCTUS ARTERIOSUS 


Federick H. Taylor, M.D., Francis Robicsek, M.D., Paul W. Sanger, M.D., 
Robert E. Stam, M.D., and Terry T. Rees, M.D., Charlotte, N. C. 


Bhs development of sclerotic changes in the pulmonary vessels and consequent 
pulmonary hypertension are common complications of patent ductus ar- 
teriosus. If these sclerotic changes are far advanced, the blood pressure in the 
pulmonary artery may approximate the pressure of the aorta and the original 
left-to-right shunt becomes ‘‘bi-directional’’ or even reversed. In eases of 
severe pulmonary hypertension, the ductus serves as a vent which decompresses 
the overloaded lesser cireulation.” * * > § % 1% 17 The dangers of ligation of the 
ductus in such conditions were recognized early.*'' 1 The closure of this 
‘“emergency outlet’? may lead to an immediate increase of the blood pressure 
in the pulmonary artery and cause an acute insufficiency of the right ventricle, 
which is usually fatal. 

The pressure relations in the systemic circulation are less affected by the 
pressure of the ductus.'* Because of the decrease of the total systemic circula- 
tory resistance, the diastolic pressure is usually low; the systolic pressure re- 
mains normal.'*'° Following ligation of the ductus, the diastolic pressure 
returns to normal. Holman has described an increase also in the systemic 
systolie arterial pressure following operative closure of patent ductus arteriosus. 
He attributed this temporary rise in pressure to increased blood volume. The 
pressures in these cases returned to normal when the blood volume became 
normal,7-® 

One of our patients, on whom a surgical closure of a patent ductus arteriosus 
was performed, experienced a very unusual complication, i.e., the development 
of an acute, severe, permanent systemic hypertension. 


CASE REPORT 


A 38-year-old white woman was admitted on May 18, 1957, to the Department of 
Thoracie Surgery, Mercy Hospital. She was known to have had heart disease since infancy. 
Her symptoms were those of exertional dyspnea, some pain in the mid-sternal area, palpitation, 
and nonproductive cough. These symptoms became more pronounced during the 4 months 
previous to admission. 
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Physical examination of the cardiovascular system showed moderate enlargement of 
the heart. The pulmonary second sound was somewhat accentuated and split. There was a 
systolic-diastolie thrill and a continuous systolic-diastolic machinery murmur in the left second 
and third interspaces parasternally. The pulse rate was 86 per minute; blood pressure in 
the left arm 158/65 mm. Hg. Peripheral pulses were easily palpable and there were no 
symptoms of congestive heart failure. 

Routine laboratory findings were essentially negative. Chest x-ray examination showel 
increased pulmonary vascular markings. The heart was moderately enlarged, due primarily 
to left ventricular enlargement. There was also a dilatation of the ascending aorta and 
aortic arch. The pulmonary conus was prominent and pulsated expansively.  Electro- 
cardiogram showed depressed S-T segments in Leads I-III, negative T waves in Leads II-II', 
diphasie T waves in V,-V,. There were frequent ventricular extrasystoles. 

Cardiac catheterization revealed evidence of a patent ductus arteriosus with significant 
left-to-right shunt (Fig. 1). The results were also suggestive of a moderate incompetence of 
the pulmonary valve. 


. Fig. 1—Schematic presentation of the preoperative hemodynamic conditions, The white 
eg show the blood pressure in mm. of mercury, the black circles the oxygen saturation of 
the blood. ; 


At operation, a large patent ductus arteriosus (approximately 1 em. in diameter) was 
found. This was occluded by two simple ligatures and multiple transfixion sutures. Im- 
mediately following the closure of the ductus, the anesthetist reported a 35 mm. Hg in- 
crease in the systolic and 40 mm. Hg increase in the diastolic blood pressure; otherwise 
the patient tolerated the procedure well. There were no changes in the force or rhythm of 
the heart action. 


Two hours after operation the patient’s blood pressure rose to 190/110 mm. Hg. 
The pulse rate increased to 140 per minute. Apresoline (25 mg.) and Thorazine (50 mg.) 
were administered, after which the blood pressure decreased to 160/90 mm. Hg, but within 
4 hours it was elevated again to 210/120. The patient also had a protodiastolic gallop 
rhythm and complained of general discomfort. She had several attacks of paroxysmal 





\ -* LIGATION OF PATENT DUCTUS ARTERIOSUS 45 
Juiy, 196 


dyspnea. After 24 hours of continuous Apresoline and Thorazine therapy, she showed 
some improvement. The blood pressure remained relatively stabile between 170 to 160 systolic 
values, and dyspnea and orthopnea became less pronounced. The Apresoline and Thorazine 
wire discontinued, but restarted after the blood pressure rose to 220/135 mm. Hg, and the 
pulient developed a moderate attack of pulmonary edema. She remained on Apresoline, 
Thorazine, Hydryllin tablets, low sodium diet, and digitalis for 2 weeks. She was then 
discharged with a blood pressure of 175/100 mm. Hg and in relatively good condition. 


Afterward the patient was closely followed. She reported several attacks of tachy- 
cardia, precordial pain, and paroxysmal dyspnea. The blood pressure varied between 145/90 
nd 190/110 mm. Hg. Peroral digitoxin annd Apresoline were continued. She is now able 
to perform limited physical activity. 


CONCLUSIONS 


The appearance of a severe systemic hypertension in the immediate post- 
operative period is an unusual complication following ligation of a patent ductus 
arteriosus. A reasonable expianation of this phenomenon is that outside of the 
possible inerease in the blood volume*® the patient had a narrowing of the 
systemie arterioles before surgery. However, the increase in the cireulatory 
resistance did not manifest itself in hypertension because the systemic circulation 
was connected through the patent ductus with a low-pressure, large capacity 
vascular pool, i.e., the pulmonary circulatory system. Similar conditions have 
been created by the production of peripheral arteriovenous fistulae in clinical 
and experimental hypertension.* * 1% 13 When this patient’s ductus arteriosus 
was occluded, the ‘‘latent’’ hypertension became manifest. This hypothesis is 
supported by the fact that the patient had a moderate elevation of the systemic 
blood pressure even in the presence of the patent ductus arteriosus. The pre- 
operatively determined ‘‘corrected’’ systemic circulatory resistance was found 
to be elevated and gives additional support to the hypothesis. 

The situation is very similar to that which exists in the presence of a patent 
duet with right-to-left shunt, the difference being that it is not the overloading 
of the pulmonary system but the systemic cireulation which, in this instance, 
threatens the patient’s life. From this ease the conclusion may be drawn that 
in the presence of an elevation of the systemic arterial blood pressure, the 
ligation of a patent ductus should be performed with caution, as the occlusion 
of the ‘‘emergeney vent’’ may lead to an increase of the blood pressure and a 
sudden overloading of the systemic circulation. 


SUMMARY 


The authors present a case of a 38-year-old woman with a patent ductus 
a!teriosus accompanied by elevation of the systemic circulatory resistance and 
moderate increase in the systemic arterial blood pressure. The ligation of the 
ductus was complicated by an acute, severe systemic arterial hypertension. 

An analogy is made between this condition and the situation that exists 
vien a patent ductus arteriosus is occluded in the presence of pulmonary 

-pertension. The patent ductus arteriosus may serve in both instances as an 
ergenecy vent, and its occlusion may lead to serious consequences in either case. 
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A METHOD FOR CONTROLLING A PATENT DUCTUS 
ARTERIOSUS DURING OPEN-HEART SURGERY 


Philip Glotzer, M.D., and Allan E. Bloomberg, M.D., 
New York City, N. Y. 


_. RECOGNITION and control of a patent ductus arteriosus during cardiac by- 
pass with cardioplegia is essential for a successful run on the pump-oxy- 
genator.' Failure to obtain control of the ductus results in massive and rapid 
distention of the right heart, severe pulmonary congestion, and death. 

On occasion a patent ductus may be unrecognized because of misinterpreta- 
tion of operative physical findings or be virtually impossible to control safely 
because of dense pericardial and pleural adhesions. We recently faced this 
situation, and herein is presented a method which allowed successful control 
of the ductus. 

The patient was an 1114-year-old girl who was admitted to the hospital 
for the open-heart repair of a tetralogy of Fallot lesion. Seven years previously, 
this child had undergone a transventricular pulmonary valvulotomy at this 
hospital. At that time, a ductus had been looked for and not found. At this 
operation very dense pleural and pericardial adhesions were present. <A thrill 
over the pulmonary artery was thought to be due to persistent pulmonie stenosis 
and pulmonic insufficiency. 

The moment cardiac arrest was produced, a rapid dilatation of the right 
ventricle occurred. This was relieved by immediate right ventriculotomy. The 
resulting continuing blood loss was alarming because of the rapid fall in the 
reservoir level of the oxygenator. Control of the blood loss was then immediately 
obtained by occluding the pulmonie opening of the ductus with a finger passed 
into the pulmonary artery (Fig. 1). The blood level in the reservoir instantly 
stabilized. With the finger in place, the ventriculotomy was continued out into 
the pulmonary artery to the level of the ductus. A purse-string suture was 
placed around the ductus orifice, which resulted in complete control of the 
bleeding (Fig. 2). The operation then proceeded with a direct approach to 
the congenital intracardiac defects. 
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Fig. 1.—Control of the ductus is obtained by occluding the pulmonic orifice with the finger. 
The dotted line shows the proposed line of incision. 


Fig. 2.—While maintaining control with the finger, a purse-string suture is placed 
—— the pulmonic. orifice. When the suture is tied, no further problem with the ductus 
exists. 
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CONGENITAL DEFICIENCY OF THE PERICARDIUM 


Alexander C. Hering, Commander (MC) USN,* John S. Wilson, Lieutenant 
(MC) USN,** and Robert E. Ball, Jv., Lieutenant (MC) USN,*** 
Chelsea, Mass. 


LTHOUGH the 2 cases to be reported here apparently represent the one hun- 

dredth and one hundred first of a colorful series that began in 1559,* it 

is anticipated that with an inereasing number of thoracotomies and constant 

improvement in radiologic techniques, the condition may soon forfeit its ap- 
pellation of ‘‘a rarity.’’ 

Ellis, Leeds, and Himmelstein' have recently deseribed 2 patients who had 
complete absence of the left parietal pericardium. The reader is referred with 
enthusiasm to their excellent article which includes interesting diagnostic tech- 
niques and a classification of pericardial defects. 

As has been noted many times in the literature, pericardial defects are 
seldom diagnosed or encountered prior to autopsy. We would like to report 2 
eases of partial absence of the left parietal pericardium in which the diagnosis 
was suggested before operation and confirmed by thoracotomy. It is our feeling 
that these cases demonstrate certain characteristic features which may be of 
value in the diagnosis and treatment of patients with pericardial defects. 


CASE REPORTS 


CasE 1.—A. H. W., 244120, a 22-year-old Negro man, was admitted to the U. S. Naval 
Hospital, Chelsea, Mass., on Feb. 14, 1958, for evaluation of a pulsatile mass along the upper 
third of the left cardiac border. Three years prior to admission a routine 70 mm. photo- 
fluorogram revealed an abnormal cardiac configuration in the then asymptomatic patient. 
Cardiae fluorography and radiography on June 27, 1955, revealed the heart to be globular 
in appearance with a definite increase in the size of the upper third of the left cardiac 
border which appeared to be pulsatile and was assumed to represent the pulmonary artery. 
No ventricular enlargement was noted, nor did the left atrium appear selectively enlarged. 
The aorta was reported as small and ‘the pulmonary vasculature normal. No abnormal 
physical findings were recorded and the electrocardiogram was interpreted as being within 
normal limits. Following this examination the patient was returned to full duty aboard ship. 

The occasion of his admission to this hospital was recurrent left anterior chest pain 
which was described as sharp and pressure-like, occurring both at rest and with exercise, 
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nonradiating, and of about 2 minutes’ duration. This complex occurred several times a 
month and had been noted for approximately 2 years. The pain was unrelated to food intake, 
activity, or position. Other and possibly related symptoms included mild dyspnea on climbing 
two flights of stairs and mild syncope during extreme heat, both symptoms relieved by rest. 
The balance of the history was noncontributory. 

Physical examination revealed a well-developed, well-nourished Negro man in no distress. 
Blood pressure was 126/72 mm. Hg, pulse 84, respirations 14, and temperature 98.6° F. 
Peripheral pulses were readily palpable and equal bilaterally, and there was no cyanosis, 
clubbing, or edema. <A mild, left sternal border heave was palpable along with a tapping 
apical impulse, the point of maximum intensity being indistinct. Cardiomegaly was not 
present. The rate was 84 with a variable sinus arrhythmia and occasional premature con- 
tractions. A Grade 2 (of 6) blowing systolic murmur was audible along the left sternal 
border, maximal at the third intercostal space. A precordial friction-type sound could be 
heard on occasion with the patient standing and flexed 45 degrees at the waist. The re- 
mainder of the physical examination was entirely normal. 

Laboratory studies, including blood chemistry, hemogram, urinalysis, serologic test for 
syphilis, C-reactive protein, anti-streptolysin-O titer, skin tests for tuberculosis and mycotic 
disease, and sickle cell preparations, were within normal limits. Electrocardiograms revealed 
frequent ventricular ectopic beats, some of which were not premature and suggestive of a 
sinus pause and ventricular escape beat, but were regarded as within normal limits. 

Cardiae fluoroscopy again revealed a prominent bulge along the left upper heart shadow 
which had not apparently changed since the initial examination recorded in 1955. Expansile 
pulsation of the abnormal bulge was noted, but no cardiac chamber enlargement could be 
demonstrated in the examination made after a barium swallow. 

On March 38, 1958, right heart catheterization was performed, and this revealed normal 
right cardiac hemodynamics without evidence of shunt. All accompanying determinations 
done during this study were within normal limits. On March 26, 1958, angiocardiograms 
were made in the posteroanterior and oblique projections with the use of 70 per cent Diodrast 
injected in the basilic vein through a Robb-Steinberg needle. The pulmonary artery and 
aorta could be definitely excluded as contributing to the abnormal shadow, but suspicion was 
cast upon the left pulmonary veins or an abnormally placed left atrial appendage. 

The patient was then observed in several of his ‘‘attacks’’ during which he became 
faint, perspiring, and complained bitterly of pain in the left anterior chest. At the Cardio- 
vaseular-thoracic Conference, thoracotomy was advised. 


On June 13, 1958, a left thoracotomy was performed through the left fifth interspace. 
The left upper lobe was found to be adherent to the left atrial appendage by firm adhesions, 


apparently of long standing, with some recent inflammation. The left atrium and its ap- 
pendage lay well outside the normal confines of the cardiac mass. The appendage was 
elongated and sigmoid in shape. The pericardium was absent from the atrioventricular 
groove cephalad, and the cephalic margin was rolled and thickened. With each cardiae con- 
traction the rolled: margin massaged the left coronary and circumflex vessels. The peri- 
eardium, which was present, resembled an egg-cup, and the heart, the egg (see Fig. 3). There 
was no free left pericardial cavity, the remaining pericardium being adherent by fine but 
firm adhesions to the epicardium. Adhesions were divided and ligated where necessary. 
The left heart was explored digitally through an incision in the left atrial appendage. No 
abnormalities were detected by this maneuver. The appendage was amputated and the 
margins closed with interrupted and continuous silk sutures. Because of the anatomic posi- 
tion of the rolled pericardial edge and the adherent pericardium, a generous V-shaped ex- 
cision of the pericardium over the right and left ventricles was performed. The patient 
recovered from the operative procedure without complication or difficulty. He stated during 
his postoperative course that the chest pains were no longer present. One year following 
operation he is well and working. 


CASE 2.—S. A. C., 253921, a 21-year-old sergeant in the USMC was admitted to the 
U. 8S. Naval Hospital, Chelsea, Mass., on June 1, 1959, with an undetermined diagnosis of 
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dilatation of the pulmonary artery. This diagnosis was entertained following a routine chest 
x-ray examination which was reported as showing an abnormal pulmonary conus. He was 
entirely without symptoms, and physical examination was within normal limits. He was 
referred to the hospital for further studies referable to the abnormal shadow. This shadow 
consisted of a rather angular projection just lateral and inferior to the pulmonary artery, 
in the position of the left atrial appendage. In view of the previous case, a tentative diag- 
nosis was made of herniated left atrial appendage due to partial absence of the pericardium. 

Routine laboratory studies and further films of the chest exposed during barium swallow 
were not unusual. Angiocardiography with 70 per cent Sodium Urokon demonstrated that 
the pulmonary artery was innocent, but that the left atrial appendage became opacified at 
the proper interval and occupied the same position as the abnormal shadow noted on the 
plain films. At the Cardiovascular-thoraciec Conference it was the consensus that although 
deficient pericardium was the most likely possibility, thoracotomy should be resorted to in 
order to rule out other lesions in this area. 

On June 25, 1959, an exploratory thoracotomy was performed through the left fifth 
interspace, sparing the trapezius and rhomboid muscles. The ribs were spread just suf- 
ficiently to permit adequate visualization and palpation of the hilum and adjacent cardiac 
structures. As anticipated (see Fig. 4), the left atrial appendage resided partly outside the 
main cardiac mass, herniating through an upper pericardial window, and. performing a con- 
siderable excursion with each cardiac systole. The left phrenic nerve comprised the medial 
margin of the pericardial defect. There were no adhesions, and the finger passed readily 
into the free pericardial cavity. Since the aperture seemed large enough to permit free 
action of the left atrial appendage and atrium, and too small to permit herniation or 
strangulation of the atrium or ventricle, no attempts were made to correct the condition, and 
the chest was closed. Postoperatively there were no complications, and the patient was 
discharged to duty July 28, 1959. Four months postoperatively he was having no difficulty. 


EMBRYOLOGY 


Studies by previous authors of the embryological antecedents of pericardial 
malformations have for the most part tended to incriminate the formation of 
the pleuropericardial and pleuroperitoneal folds. We agree-with this concept 
and cite the case of Ladd? in its support. Ladd found a hernia of the Boch- 
dalek type occurring in a patient who had deficiency of the pericardium. These 
lesions certainly involve the pleuroperitoneal and pleuropericardial folds. The 
theory has been entertained in addition that the growing lung pushes its way 
into the area deficient of pericardium, and so prevents the complete development 
of the pericardium. Our first case with lung firmly adherent to the heart may 
or may not bear out this latter concept. 


CLINICAL AND DIAGNOSTIC FEATURES 


It will be noted that Case 1 (Fig. 3), who had the iarger defect and ex- 
tensive inflammatory adhesions, had recurrent chest pain, and, at times, a 
pleuropericardial sound could be heard. The second patient, who had a smaller 
defect and no adhesions, was asymptomatic (Fig. 4). Right heart catheteriza- 
tion, having been normal in the first ease, was not thought to be necessary in 
the second. Although we did not make use of diagnostic pneumothorax in either 
patient, we believe that it may be a valuable aid. In one postoperative film 
of the chest in the second patient, a small amount of right pericardial air may 
be seen, suggesting that use of preoperative pneumothorax would have been 
helpful in diagnosis." 
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In Case 2 (Fig. 2, B and C), angiocardiography was diagnostic. Those 
in Case 1 were less clear, but on careful inspection we felt that they were quite 
suggestive of the diagnosis in spite of technical factors producing a poor left- 
side filling phase. 





Fig. 3.—Sketch of operative findings (Case 1). 
Fig. 4.—Sketch of operative findings (Case 2). 


SURGICAL ASPECTS 


In Figs. 3 and 4 may be found the operative findings as drawn by the 
operator. Some consideration was given to the question of amputating the 
herniating left atrial appendage in the second case. Marked cardiac irregularity 


oceurred when a clamp was applied to the base of the appendage, and the idea 
was forthwith abandoned. 





ya. ie CONGENITAL DEFICIENCY OF PERICARDIUM 
uly, 


CONCLUSIONS 


1. It is our opinion, after a survey of the literature and the study of 2 
patients who had similar diagnostic and surgical features, that congenital 
deficiency of the pericardium may be diagnosed with the aid of angiocardiogra- 
phy and pneumothorax. 

2. Characteristic features in partial absence of the left pericardium are 
primarily radiologic, namely, an abnormal bulge in the region of the left atrial 
appendage in the standard posteroanterior roentgenogram, and the outlining of 
the appendage with contrast medium during the left heart filling phase of an 
angiocardiogram. 


3. If the diagnosis seems clear, and the patient is, and has been, 
asymptomatic, surgical intervention may not be necessary. If symptoms are 
present, relief may follow thoracotomy, where atrial appendectomy, division 
of adhesions, and pericardioplasty may be performed. 
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REPLACEMENT OF THE MAIN PULMONARY ARTERY 
BIFURCATION BY AUTOGENOUS PERICARDIUM 


Lester R. Sauvage, M.D.,* Abraham M. Rudolph, M.D.,** and 
Robert E. Gross, M.D., Boston, Mass. 


TECHNIQUE has been developed for the successful one-stage experimental 
A replacement of the distal main pulmonary artery, its bifureation, and the 
major portions of both right and left pulmonary arteries that does not require 
the use of pumps, extracorporeal circulation, hypothermia, or circulatory in- 
terruption. This method was developed to allow for the study of pericardial 
autografts in the pulmonary arterial system. In this paper we shall outline 
the details of graft placement and shall describe the status of two such grafts 


over observation periods of 16 and 17 months, respectively. 


METHOD 


The method for extensive pulmonary artery resection and pericardial auto- 
graft replacement is shown in Fig. 1. The key step in this experimental tech- 
nique is the transplantation of the left pulmonary artery to a position adjacent 
to the valve without producing stenosis of its orifice. We attempted this pro- 
cedure in 6 adult mongrel dogs (average weight, 20 kilograms) with 2 sur- 
vivors. The cause of death in the 4 dogs that died during the operation was 
acute right heart failure secondary to stenosis of the orifice of the transposed 
left pulmonary artery. Both of the dogs that survived operation were studied 
postoperatively by right heart catheterization and angiocardiography, one at 
6 and 13 months and the other at 9 months after operation. 


RESULTS 


Right heart catheterization in both dogs at the postoperative intervals men- 
tioned above revealed a peak systolic pressure in the right ventricle of about 
40 mm. Hg. The angiocardiographic studies revealed no evidence of aneurysm 
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formation or of significant contracture in either graft (Figs. 2 and 3). One of 
the 2 dogs that survived operation died at 17 months after operation, while the 
other dog is in good condition at 16 months after operation. The dog that died 
developed moderate ascites at 12 months but remained active up to the day of 


Fig. 1.—Technique for the experimental resection and replacement of the distal main 
pulmonary artery, its bifurcation, and the major portions of both right and left pulmonary 
arteries by a pericardial autograft. 


death. The repeat studies of this dog at 13 months (Fig. 3) did not substantiate 
our clinical impression that the ascites was secondary to contracture of the graft. 
Autopsy examination revealed moderate ascites, hepatic congestion, an enlarged 
right atrium and right ventricle, tricuspid insufficiency, and slight narrowing 
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Fig. 2.—Angiocardiogram made 9 months postoperatively, in right lateral projection, of 
dog with pericardial autograft replacement of the distal main pulmonary artery, its bifurca- 
tion, and the major portions of both right and left pulmonary arieries. Ninety per cent Hypaque 
was injected through a catheter positioned in the right external jugular vein. Note the opaci- 
fied superior vena cava, right atrium, right ventricle, and the pulmonary arterial tree. There 
is neither aneurysmal dilatation nor significant contracture of the graft. The shadow visible 
above the right ventricular outflow tract is the normal-sized appendage of the right atrium. 
Right heart catheterization revealed a peak systolic pressure of 40 mm. Hg in the right ven- 
tricle and a gradient across the graft of 20 mm. Hg. 


Fig. 3.—Angiocardiogram made 13 months postoperatively, in right lateral projection, of 
dog with pericardial autograft replacement of the distal main pulmonary artery, its bifurca- 
tion, and the major portions of both right and left pulmonary arteries. Ninety per cent 
Hypaque was injected through the catheter which had been passed from the right external 
jugular vein down the superior vena cava into the right ventricle. Note the absence of 
aneurysmal dilatation or of significant contracture in the graft. The shadow visible above 
the right ventricular outflow tract is the enlarged appendage of the right atrium. Right heart 
catheterization revealed a peak; systolic pressure of 40 mm. Hg in the right ventricle and a 
gradient across the graft of 20 mm. Hg. Seven months previously the pressure findings at 
right heart catheterization were identical. However, the angiocardiograms at that time 
revealed a lesser degree of right atrial enlargement. 





Fig. 4.—Roentgenogram, posteroanterior view, of the pulmonary arterial system of the 
dog dead at 17 months (512 days) after operation. The vessels are inflated to approximately 
30 mm. Hg with air via the cannula positioned in the proximal main pulmonary artery. The 
outflow tract of the right ventricle has been separated from the rest of the heart. The trachea 
and major bronchi have been excised. The pulmonary veins are ligated at the lobar level. 
Note the absence of any evidence of calcification. The dimensions of the graft as measured 
on this roentgenogram are about 25 per cent less than those taken at the time of operation. 


Fig. 5.—Photograph of specimen, the roentgenogram of which is seen in Fig. 4. 
specimen has been opened from the posterior aspect. Note the appearance of the graft. 
inner surface is smooth and glistening. The suture lines are well healed and the walls of 
the graft are soft and pliable. The vertical suture line in the main pulmonary artery adjacent 
to the valve is the site where the left pulmonary artery had been anastomosed during implanta- 
tion of the graft (see Fig. 1). 
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of the graft (Fig. 4). The graft was soft, pliable, and free of degenerative 
change. Its inner surface was smooth and glistening. The multiple suture lines 
were well healed (Fig. 5). There was no evidence of pulmonary infarction. 


DISCUSSION 

The method described in this paper for resection and replacement of the 
main pulmonary artery bifureation is technically difficult of accomplishment. 
However, the technique could be simplified by interposing a temporary graft 
between the end of the left pulmonary artery and the right ventricle. 

We are greatly interested in the fate of autogenous pericardium in the pul- 
monary arterial cireuit. Robinson, Glotzer, Gilbert, and Hurwitt! have shown 
that aortic homografts in the pulmonary artery are subject to severe degen- 
erative change in the pericardial autograft, reported here to be significant at 
17 months (Figs. 4 and 5). In other experimental studies in the dog we have 
observed pericardial autografts to function well and to show no evidence of 
degenerative change in the intrathoracic inferior vena cava (Sauvage and 
Gross?) and in the right ventricular outflow tract (Sauvage, Gross, Rudolph, 
Pontius, and Watkins’). 

On the basis of these observations and those reported here we are employing 
autogenous pericardium clinically for widening of the right ventricular outflow 
tract and of the pulmonary artery in instances of infundibular stenosis or hypo- 


plasia of the artery. Longer periods of observation are required to ascertain 
the ultimate fate of autogenous pericardium in the pulmonary artery. We are 
keeping the remaining animal reported in this paper for such purpose. 


SUMMARY 


A technique for the experimental resection and replacement of the distal 
main pulmonary artery, its bifurcation, and the major portions of both right 
and left pulmonary arteries by autogenous pericardium has been presented. 
We believe this technique of graft implantation to be a useful experimental 
method, and the satisfactory function of two such pericardial autografts over 
implantation periods of 16 and 17 months, respectively, to be of clinical sig- 
nificance. 
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EXPERIMENTAL REPLACEMENT OF THE 
AORTIC ARCH BY HOMOGRAFTS 


Lester R. Sauvage, M.D.,* Abraham M. Rudol ph, M.D., and 
Robert E. Gross, M.D., Boston, Mass. 


Fe PAPER has the following three purposes: first, to outline a simplified 
method for the experimental replacement of the aortic arch and its branches; 
second, to deseribe the function over the first year of two homografts so im- 
planted as aortic arch replacements; and third, to present observations of the 
responsiveness of the cardiovascular system to various stimuli after replacement 
of the aortie arch. 


EXPERIMENTAL METHOD 


Six adult mongrel dogs were employed in this study. Each dog was given 
30 mg. of sodium pentobarbital per kilogram of body weight intravenously. 
Hypothermia was induced by partial immersion of the anesthetized animal in 
cold running tap water for from 10 to 20 minutes (Sauvage, Pontius, Watkins, 
and Gross*). After opening the left hemithorax through the fourth intercostal 
space, the aortic arch was resected and continuity re-established with an arch 
homograft by the method depicted in Fig. 1. The key step in this method is 
that shown in step 3 in which the azygos vein is allowed to drain into the heart 
while the venae eavae are occluded. Thus, while aortic continuity is interrupted, 
the coronary cireulation is maintained by the azygos inflow into the heart. After 
occluding the venae cavae, the heart should be allowed to contract several times 
before the ascending aorta is clamped in order to avoid the development of 
excessive intracardiae pressures. 

Postoperatively, the 2 surviving animals were observed earefully and each 
was studied by aortography, 1 at 164 days and the other at 178 days after 
operation. The response of the blood pressure and heart rate to epinephrine, 
norepinephrine, serotonin, atropine, anoxia, and hyperearbia were determined 
in 1 of these 2 dogs at 214 days after operation. 


RESULTS 


Four of the 6 dogs undergoing the procedure illustrated in Fig. 1 died 
because of problems related either to the technique of implantation or to the 
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Fig. 1.—Method of resecting the aortic arch and restoring continuity by means of an 
aortic arch homograft. The graft is first anastomosed to the side of the descending thoracic 
aorta as shown in step J. Then the left brachial artery (subclavian) of the dog is divided 
and its distal end anastomosed to the brachial artery branch of the graft. The graft is then 
occluded between the origins of its left brachial and brachiocephalic branches. The clamps 
are then removed from the brachial artery and the aorta of the dog. This re-established 
circulation through the left brachial artery by means of a retrograde endograft shunt. A 
similar procedure is then performed for the anastomosis of the brachiocephalic artery to the 
graft. The completed anastomoses for these two branches are shown in step 2. In step 3 
the venae cavae are occluded while the azygos vein is left open. The heart is allowed to 
contract several times to deplete the cardiopulmonary circuit of blood before the ascending 
aorta is clamped. The anastomoses of the graft to the ascending aorta is shown in step 4. 
The coronary circulation is maintained throughout this step by virtue of the azygos vein which 
was left open in step 3. Following completion of step 4, the end-to-side anastomosis of the 
graft to the descending aorta is taken down (step 5) ana an end-to-end union effected (step 6). 
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development of deep hypothermia. Both of these complications are easily avoid- 
able as experience is acquired with the method. Neither of the 2 dogs that 
survived this procedure received intravenous fluids or blood transfusions. Both 
of these animals were rendered moderately hypothermic by immersion in cold 
running tap water according to the method referred to above. 

The first surviving dog, a 16 kilogram animal, after 15 minutes in running 
tap water at 12° C. had a rectal temperature of 30° C. At the end of operation, 
the rectal temperature was 28° C. The ascending aorta was occluded for 12 
minutes while the graft was anastomosed to the proximal end of the ascending 
aorta (step 4, Fig. 1). The heart did not miss a beat during this pericd of 
occlusion of the ascending aorta; its contractions remained vigorous throughout 
and its color pink. This animal recovered normally and manifested no evidence 
of neurologic damage. The aortogram of this dog at 178 days after operation is 
shown in Fig. 2. The blood pressure and heart rate responses of this animal to 
epinephrine, norepinephrine, serotonin, atropine, anoxia, and hyperearbia were 
studied at 214 days postoperatively and found to be normal. This animal con- 
tinues to be in excellent general condition at 14 months after operation. 


The second surviving animal, an 11 kilogram dog, after 10 minutes in run- 
ning tap water at 10° C. had a rectal temperature of 32° C. At the end of 
operation, the rectal temperature was 25° C. The ascending aorta was occluded 
for 7 minutes while the graft was anastomosed to the proximal end of the 
ascending aorta (step 4, Fig. 1). The heart beat strongly throughout the period 


of occlusion of the ascending aorta, but fibrillation ensued shortly after removal 
of the occluding clamp as the heart was being displaced from its normal po- 
sition to allow for removal of blood from the pericardial cavity. However, 
defibrillation was easily accomplished by one countershock. This animal re- 
covered normally and manifested no evidence of neurologic damage. The aorto- 
gram at 164 days after operation is shown in Fig. 3. This animal is now 13 
months postoperative and continues to be in excellent general condition. 


DISCUSSION 


Sauvage and Wesolowski‘ observed that Orlon prostheses were unsuited for 
use as aortic arch replacements because of kinking in regions of angulation. 
These grafts were implanted in normothermic animals using a technique that 
employed retrograde endograft shunts (steps 7 and 2, Fig. 1) and a shunt from 
the left ventricle into a side arm of the graft while the prosthesis was anasto- 
mosed to the proximal end of the ascending aorta. Satinsky, Neptune, and 
Alai* reported an impressive series of successful homologous transplants of the 
aortic arch in dogs employing a similar technique. However, the method re- 
ported here has seemed easier to perform and, therefore, would appear to have 
merit as a procedure for laboratory use. 

The many complexities of the architecture of the aortic arch have stymied 
the manufacture of a prosthesis suitable for replacement of this portion of the 
aorta. It seems probable that aortic arch homografts will continue to be the 
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Fig. 2.—Aortogram made 178 days after operation which shows the aortic arch homo- 
graft to be functioning satisfactorily. The anastomoses are indicated by arrows. (This graft 
had been preserved 5 days in saline solution at 4° C. prior to implantation.) 


Fig. 3.—Aortogram made 164 days after operation which shows the aortic arch homo- 
graft to be functioning satisfactorily. The anastomoses are indicated by arrows. (The graft 
was 1 hour old at time of implantation. ) 
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preferable type of graft in this location for many years. De Bakey, Crawford, 
Cooley, and Morris' reported the use of a homograft for the first successful 
clinical replacement of the aortic arch. Extracorporeal circulation was em- 
ployed to maintain essential blood flow during the period of interruption of 
aortic continuity. However, little is known of the long-term fate of homografts 
employed for replacement of the aortic arch. The 2 dogs reperted in this paper 
are being kept for such study and will be reported subsequently. 

It is of interest that the response of the cardiovascular system to epi- 
nephrine, norepinephrine, serotonin, atropine, anoxia, and hyperearbia was nor- 
mal in the 1 dog so studied at 214 days after aortic arch resection and homograft 
replacement. The aortogram of this animal is shown in Fig. 2. It is probable 
that carotid sinus mechanisms were able to compensate for the loss of the pressor 
and chemoreceptor mechanisms contained in the aortie areh. Whether similar 
compensation occurs in the human being is not known. 


SUMMARY 


An experimental method has been described for replacing the aortie arch 
that employs retrograde endograft shunts and moderate hypothermia in which 
cardiac ischemia is avoided by leaving the azygos vein open during the period 
of vena caval inflow stasis. This technique is recommended for the laboratory 
study of aortic arch grafts because of its comparative simplicity. 

Aortograms at 6 months after operation and clinical observation for 1 year 


of the 2 dogs in this study indicate excellent function during this implantation 
period of the homografts employed as aortie arch replacements. 

Studies were conducted in 1 of these 2 animals of the responsiveness of the 
cardiovascular system to a variety of stimuli. The results indicate that replace- 
ment of the aortie arch in the dog is not associated with any significant change 
in cardiovascular reactivity. 
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SOME HELPFUL INSTRUMENTS FOR 
CARDIOVASCULAR SURGERY 


Albert W elberry, Ph.D., Elliott Senderoff, M.D.,* Isadore Kreel, M.D., 
and Ivan D. Baronofsky, M.D., New York, N.Y. 


I, ATRIAL CLAMP WHICH ALLOWS FOR REPEATED RE-ENTERING OF ATRIUM 


SS. in open-heart surgery have necessitated the creation of new instru- 
ments designed to meet the special requirements of this field. The clamp 
shown in Fig. 1 is designed to allow for extensive surgery within the atrial 
cavity by providing maximum exposure with complete control of the wound. 
The clamp allows the surgeon to stop at any point in the operative procedure 
and easily and hemostatically approximate the wound edges by simply ap- 
proximating the jaws of the clamp. This enables the operator to open and 
close the atrium and to enter and re-enter the heart as frequently as he de- 
sires. In cases performed under complete occlusion of the cardiac inflow, the 
clamp is of value in extending the operating time by allowing the surgeon to 
close the atrium, allow a temporary period of cardiac inflow, and then re-enter 
the atrial cavity to continue the procedure under inflow occlusion. The 
surgeon is able also to suture the atriotomy wound leisurely in a dry field with 
no tension on the sutures, as the wound edges are approximated by the clamp 
when this procedure is performed. 

The instrument is a conventional cardiovascular clamp with atraumatiec 
blades. On the outer surface of each blade are three small cross-bars. On 
the handle is a ratchet which prevents accidental opening of the clamp. 
There is also a second ratchet which allows the blades to be fixed in the open 
position. The latter ratchet is controlled by a side bar which can be easily 
manipulated by the finger. To use this instrument, two parallel rows of guide 
sutures are placed along the anterolateral wall of the atrium along the line 
of the projected atriotomy. Each row should contain three sutures. All the 
sutures are then elevated and the sutures and intervening atrial tissue clamped. 
The sutures are then tied snugly to the small cross-bars on the outside of the 
clamp, and the atriotomy made between the two rows of sutures (Fig. 2, A). 
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The clamp is then opened widely and locked in the open position with the side 
bar (Fig. 2, B). This presents a large rectangular opening in the atrium with 
excellent exposure of all parts of the atrial chamber. If further exposure is 
needed, the atriotomy is extended. At the completion of the procedure, air is 
flushed out of the atrial cavity and the atriotomy rapidly sealed by approxi- 
mating the clamp blades. If the atriotomy has been extended, the end of the 
incision is brought between the blades by elevating it with a forceps. The 
atriotomy may then be subsequently sutured at leisure (Fig. 2, C). 


The clamp described has had extensive trial in the experimental direct 
vision production of interatrial septal defects and has been very satisfactory. 


Fig. 1.—Atriotomy clamp. 


It is projected for clinical use in the open repair of such defects. The clamp 
has also been successfully used in the surgical creation of complete heart block 
in 5 dogs' utilizing complete occlusion of the cardiae inflow without hypo- 
thermia or cardiac bypass. The clamp permitted repeated entry into the atrial 
cavity until a ligature effectively producing complete heart block was placed. 
The clamp can be made in two angles. The one shown (Fig. 1) is more 
effective in dog experimentation because of the shallow thoracie cavity. A 
more acute angle is necessary for the deeper chest of the human being. 


II, SUCTION TIP FOR LARGE AND SMALL BLOOD LOSS 


The need for adequate suction to maintain a clean operative field is of 
extreme importance in intracardiac surgery. This is often difficult to achieve 
despite the varied types of suction units presently available. The unit shown 
in Fig. 3, A has been designed to provide effective and efficient suction of both 
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large and small amounts of fluid. The unit is available in three sizes with 
internal diameters ranging from 3 to 6 mm. Despite this large inflow capacity, 
the design is such that the suction tip is not bulky and cumbersome. The 
instrument shown disassembled (Fig. 3, B) consists of an inner tubular shaft, 
an outer shaft, a tip consisting of four lateral holes and one distal hole, a 
spring controlled lever, and a handle. In the resting position (Fig. 4, A and B), 


Fig. 2.—A, Atriotomy clamp in position on wall of atrium. Note sutures tied about the 
cross-bars of the clamp securing the atrial wall to the clamp blades. Dotted line indicates 
line of proposed incision in the tissue between the clamp blades. 

B, Clamp locked in the open position. The wound edges and the extent of the wound 
opening are completely controlled by the clamp blades. 

C, Clamp closed at the end of the operative procedure. The atriotomy incision can be 
sutured at leisure in a dry field. 


all the inlet orifices are open and large amounts of fluid (1,150 to 2,400 ¢.c. per 
minute, depending upon size of suction unit) can be easily handled. This unit 
is also eapable of handling the remaining small pools and drops of blood which 
tend to obscure the operative field. In most suction units, when an attempt is 
made to remove a small pool or drop of fluid, air enters the inlets before the fluid 
does. This breaks the effective vacuum and the suction tip does not function. 
In the unit described, upon depressing the lever, the side inlets are shut off (Fig. 
4, C) and only the distal orifice of the suction tip is operative. This allows the 
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uly, 

suction to be concentrated at the end of the tip only. In this manner the 
smallest drop of fluid can be removed from the field. When flooding occurs, the 
lever is released, the spring forces the handle up and the suction unit is once 
again able to handle large quantities of fluid. When dealing with small amounts 


(— 
Yi 3 


Fig. 3.—Suction unit. B, Suction unit disassembled. 


Fig. 4.—A, Suction unit. 

B, Drawing of tip of suction unit showing side and distal inlet orifices operative in the 
usual resting position of the inner shaft. 

C, Drawing of tip of suction unit when lever on handle is depressed. Inner shaft has 
been advanced to meet the distal orifice. This closes the side inlets and causes the suction to 
be operative at the distal orifice only. 


of blood, this unit also decreases turbulence of the stream and the subsequent 
hemolysis of red blood cells as air is not able to mix with the blood when the 
lever is depressed. Since the suctioned blood is recireulated in cardiae bypass 
operations, it is important and advantageous to have a minimum of hemolysis 
oceur as a result of the suction unit employed. 
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SUMMARY 


Two new instruments* for use in the field of intracardiae surgery have been 
presented. A clamp for easy and effective control of atriotomy incisions and a 
suction unit capable of handling fluid volumes ranging from minute to large 
amounts with a minimum of hemolysis have been described. 


REFERENCE 
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*The instruments described are manufactured by Edward Weck & Co., Inc., 135 Johnson 
Street, Brooklyn 1, N. Y. 





BRONCHIECTASIS: RESULTS OF PULMONARY RESECTION 


Lieutenant Colonel Thomas H. Hewlett, MC, USA,* Fort Sam Houston, 
Texas, and Lieutenant Colonel H. Haskell Ziperman, MC, USA,** 


San Francisco, Calif. 


HE FREQUENCY of bronchiectasis has been emphasized in reports originating 

from hospitals which are devoted primarily to the management of pul- 
monary disease. The true incidence of this disease in the general population 
has not been elarified. Proved bronchiectasis is a surgical problem from the 
standpoint of either palliation or cure, and a significant period of time is 
devoted to the diagnostic investigation of suspect patients. Evaluation of 
the problem as it exists in the population served by a general hospital could be 
expected to clarify the incidence of the disease, as well as to confirm the re- 
sults of surgical treatment. 

The period 1949 to 1958 was chosen for study. All proved eases of 
bronchiectasis studied or treated by the Thoracic Surgical Service of Brooke 
Army Hospital are herein reported. 

The yearly summary reports were utilized in deriving average figures in 
several categories. Excluded from the admission figures are (1) births, and 
(2) patients with proved diagnosis of active pulmonary tuberculosis. 


TABLE I. ADMISSIONS 








PATIENTS WITH CLINICALLY 
HOSPITAL PULMONARY DIAGNOSED AS | BRONCHOGRAPHY PROVED 
ADMISSIONS DISEASE BRONCHIECTASIS PERFORMED BRONCHIECTASIS 
20,792 560 61 85 11.5 
Incidence of Bronchiectasis 

per 1,000 admissions 0.55 

per 100 patients with pulmonary disease 2.05 

per 100 bronchograms 13.5 








The existence of bronchiectasis is proved bronchographiecally in 1 out of 
every 6 suspects. It is immediately apparent that the majority of the patients 
subjected to diagnostic study because of chronic cough do not have bronchi- 
ectasis. Bronchoscopy in these patients discloses chronic changes in the 
bronchial mucosa. Bronchograms fail to reveal bronechiectatic changes. A 
diagnosis of chronic bronchitis has been applied to such patients, such a diag- 
nosis being arrived at by elimination. Compared with the incidence of other 
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chronic pulmonary diseases, bronchiectasis has become a relative rarity 
thereby confirming the prediction that this disease entity would decrease in 
frequency as a direct result of more efficient management of acute respiratory 
infection in children and adults. More effective treatment has evolved con- 
comitantly with the development of broad spectrum antibioties. 


CLINICAL MATERIAL 


One hundred and fifteen consecutive proved cases of bronchiectasis were 
studied. The disease was unilateral in 95 patients and bilateral in 20 pa- 
tients. One hundred and seven patients were treated by pulmonary resec- 
tion—103 unilateral resections and 4 bilateral resections, totaling 111 opera- 
tions. Eight of the 115 patients were not treated surgically. Eighty-two or 
76.6 per cent were male; 33 or 23.4 per cent were female. There were only 5 
Negro adults in the group. Six children are included in the series. 





HISTORICAL DATA 





UNILATERAL © § 


BILATERAL «+ 


Major non-specific 
acute respiratory 
infection (adulthood) 


Major non-specific 
acute respiratory 
infection (childhood) 


i Tuberculosis 
* (childhood) 


Foreign body 
aspiration 


x. Unknown 
Fig. 1. 


The symptomatology was consistent with that recorded in numerous 
reports and merits no repetition. Significant sputum volumes were recorded 
only in patients with severe bilateral disease. The ages range from 2 to 63, 
with an average age of 28. The average duration of symptoms was 6 years. 

In 82.6 per cent of the patients studied, a positive significant history 
could be obtained. The childhood origin of the disease was consistently em- 
phasized by repeated bouts of moderate upper respiratory infection during 
the winter months which tended to limit the school attendance. Since the 
report of Ochsner and associates® in 1949, little attention has been paid to the 
medical history of these patients. The fact that only 33 per cent of the pa- 
tients studied were able to trace the origin of their disease to childhood sug- 
gests that the majority of cases no longer develop during childhood. 

Of the patients studied, 41.7 per cent traced the onset of their bronchiec- 
tasis to a documented major respiratory infection in adulthood. This is sig- 
nificant as it establishes the fact that bronchiectasis can and does develop in 
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the adult. Three of the patients studied had bronchograms carried out early 
during their convalescence from atypical viral pneumonia. The initial films 
revealed bilateral basilar pseudo-bronchiectasis, Within a 6-month period, 
during which repeated bronchography was performed, bronchiectatic changes 
disappeared on one side and become permanent on the other. Resected speci- 
mens in each instance revealed the permanent pathologic changes of cylin- 
drical bronchiectasis. It has been observed that the pseudo-bronchiectasis, 
which follows atypical pneumonia in the young adult, will clear usually within 


RIGHT PULMONARY RESECTIONS - TOTAL 52 


90 days following the disappearance of acute symptoms. Aggressive therapy 
of acute pneumonie processes in the adult must inelude adequate attention to 
airway toilet if the development of irreversible bronchiectasis is to be pre- 
vented. 

The physician treating acute respiratory infections in the adult should be 
reminded of the statement by Gross®: ‘“Bronchiectasis rises slowly out of the 
smoldering ashes of some previous pulmonary insult or long continued pul- 
monary inflammation.” 


PULMONARY RESECTIONS 


Unilateral disease is almost equally distributed between the two lungs 
with the marked predilection for the lower lobes. Bilateral disease was pres- 
ent in 20 or 17.3 per cent of the patients studied. Of these, 60 per cent were 
treated with unilateral resection; 20 per cent had bilateral resections. 
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LEFT PULMONARY RESECTIONS - TOTAL 51 
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Eight patients in the series received no surgical treatment. Four had 
severe bilateral disease with critical maximum breathing capacities. Three 
with unilateral disease refused treatment. One patient had severe contra- 
lateral residual disease following previous lobectomy in another institution. 
There are no pulmonary cripples as a result of bilateral resection; the 4 pa- 
tients enjoy reasonable health and are fully active. 

In all operations, hilar dissection has been used with individual ligation 
of the vessels and closure of the bronchial stump with interrupted nonabsorb- 
able sutures. In lower lobe resections it has been routine to preserve the 
superior segment when possible. This has not resulted in an increase in com- 
plications and its economic soundness is attractive. Preoperatively, patients 
have been carefully instructed in breathing exercises and this exercise is 
started under supervision the day after operation. Aggressive airway care, 
consisting of tracheal aspiration and coughing, is started on a 15 to 30 minute 
routine as soon as the patient reacts from anesthesia. Water-seal drainage of 
the pleural space is maintained for at least 48 hours and longer if complica- 
tions occur. Pleural space suction was used only when a bronchopleural fistula 
developed. Penicillin and streptomycin have been administered for 7 days 
postoperatively. Preoperative antibiotics have been used only in bilateral 
disease. 


COMPLICATIONS 


A total complication rate of 19.8 per cent is considered high but not un- 
reasonable when it is realized that 70 per cent of the operations were performed 
by residents in their third and fourth years of general surgical training. In 
view of complication rates of 25.8 per cent reported by Ginsberg® in 1955, one 
of 22.8 per cent reported by Bradshaw! in 1957, and 41.6 per cent reported by 
Helm? in 1958, it appears that a rate in the range of 20 per cent is acceptable 
with current techniques. 


TABLE II. COMPLICATIONS (111 OPERATIONS) 








TYPE | NUMBER | TREATMENT RESULT 





Bronchopleural fistula 8 Tube drainage - 7 
Thoracoplasty 

Bronchopleural fistula-empyema Tube drainage - Cured 
Hemothorax ‘ Thoracotomy - ; Cured 
Empyema Tube drainage - Cured 
Atelectasis i Bronchoscopy - 3 times Cured 
Hemoptysis Bronchoscopy, 

conservative - 1 Cured 
Minor wound infection 3 Loeal Cured 
Major wound infection 1 Secondary closure Cured 


Complication rate — 19.8% 
Bronchopleural fistula — 54.5% 
75% of bronchopleural fistulas associated with 
stump of lingula bronchus 


Cured 








As the direct result of constant awareness of the problems resulting from 
retained secretions, it has been possible to prevent complications direetly 
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traceable to this factor. Each patient receives preoperative indoctrination as 
to the technique and value of coughing. Breathing exercises are taught pre- 
operatively and resumed under supervision on the first postoperative day. 
Any patient who develops significant secretions during operation is broncho- 
scoped at the conclusion of operation. Tracheal suction is used on a 15 to 30 
minute schedule during the first 48 hours. In the early postoperative period, 
bronchoscopy is performed if the efficiency of the tracheal suction or cough is 
questionable. Consequently, the development of atelectasis is rare. Such a 
program necessitates round the clock attention by the house staff. 

Bronchopleural fistula associated with a segmental bronchial stump is a 
well-recognized hazard and is most likely related to the destruction of bron- 
chial vessels incidental to the resection technique. Complete skeletonization 
of the segmental bronchus was frequently evident in the operations performed 
during the first few years of this experience, the period in which the major 
portion of the complications appeared. The only significant variation in tech- 
nique has been the adoption of minimal dissection in the region of the origin 
of the segmental bronchus to produce a bleeding bronchial stump in prefer- 
ence to one which is devoid of peribronchial tissue. Following closure of the 
bronchial stump, the bleeding is controlled by superficially placed suture liga- 
tures. It is our clinical impression that this has been significant in reducing 
the instance of bronchopleural fistula. We have not been aware of lung diffi- 
culty traceable to operative injury of intersegmental veins. 

Intrapleural air pockets which appear following removal of the thoracot- 
omy tubes are considered as diagnostic of fistula and are treated by suction 
drainage. The early use of tube drainage seems to reduce the incidence of 
empyema as a concomitant complication of fistula. 

Complications have contributed to poor results in 2 of 4 patients not im- 
proved by operation. Of the complications listed, 60 per cent occurred during 
the first 5 years of the experience. 


RESULTS 


TABLE III. RESULTS 











UNILATERAL | BILATERAL DISEASE FOLLOW-UP 


I | II PERIOD PER CENT BENEFITED 


uJ 377 yr. 36.4 
Improved* 37 4 4 5 yr. 58.4 94.8% 
None 3 1 3 yr. 5.2 5.2% 


*Two late deaths occurred in patients who were improved. 


RESULTS DISEASE 
Cured 27 








Of 107 patients treated by resection we have follow-up information on 77 
or 71.9 per cent; of these 75 are alive. There have been two late deaths not 
attributable to bronchiectasis.* One patient died of carcinoma in the opposite 
lung 2 years after operation. One patient died of generalized peritonitis 3 
years following lobectomy. Thirty patients have been lost to follow-up. 


*These deaths were in patients who were improved. 
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“‘Cured’’ designates those patients who are free of symptoms and have no 
limitation of activity; 36.4 per cent of the group fall into this category. The 
patient with a single operation in bilateral disease has had no progression of 
mild anatomic changes in the unoperated lung. 


“‘Improved’’ designates those patients who continue to have a cough but 
are able to carry out normal physical activity; 58.4 per cent of the group fall 
into this category. In addition to cough, minor occasional hemoptysis is re- 
ported by 5 patients. Increased susceptibility to respiratory infection is re- 
ported by 3 patients. Three of the 4 patients undergoing bilateral resection 
report mild dyspnea on exertion. It should be noted that the residual cough 
is frequently described as dry in distinction to the characteristic productive 
cough that existed prior to operation. A significant number of the patients 
who continue to cough have resumed smoking since operation. 


‘‘Poor’’ is applied to those patients who have not been improved by opera- 
tion. Marked productive cough continues and their physical activity is limited 
to the point that they cannot be gainfully employed; 5.2 per cent fall into this 
category. 

Seventy-three patients or 94.8 per cent were benefited by resection and 
are employed. 

Comparison of Results—A survey of the surgical experience with bron- 
chiectasis published during the period of this study may be used as a basis 
for predicting results in surgical treatment of the disease. A complication 
rate of 22.8 per cent can be anticipated; however, the mortality rate should 
remain less than 1 per cent. An average cure rate of 43.2 per cent is expected 
while another 42.6 per cent should be improved by operation. Of those pa- 
tients treated, 85.8 per cent should be benefited and eapable of normal activity 
following operation. Surgical treatment will fail in approximately 6.2 per 
cent. 


TABLE IV. COMPARISON OF RESULTS 





| | %o | % | % | % % 
AUTHOR | DATE |PATIENTS| CURED |IMPROVED| POOR | MORTALITY| BENEFITED 
Ochsner et al.9 1949 82 44.9 34.4 4.2 0 79.3 
Ginsberg et al.5 1955 221 75.0 16.0 5.0 0 91.0 
Bradshaw et al.1 1957 270 21.1 61.5 6.6 0 82.6 
Helm and Thompson? 1958 159 41.0 43.0 10.0 6 84.0 
Brooke Army Hospital 1959 77 36.4 58.4 5.2 0 94.8 














DISCUSSION 


The aggressive diagnostic approach generally utilized in the evaluation 
of patients with symptoms of pulmonary disease is essential in the diagnosis 
and management of bronchiectasis. That bronchiectasis can originate in the 
adult is becoming well established, a fact which will modify the earlier con- 
cept of the disease being one which generally originated during childhood. 

Classification of bronchiectasis into primary and secondary types is of 
didactie interest only. A true bronchial obstructive phenomenon exists in the 
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early phases of the disease. There is no evidence to suggest that the patho- 
logic changes, distal to the site of foreign body bronchial occlusion, differ in 
any way from those changes which develop distal to bronchial occlusion which 
is the result of localized edema and infiltration occurring in acute pulmonary 
infection. The combination of some degree of bronchial obstruction and distal 
inflammation is constant in the development of bronchiectasis. 

The continued reporting of surgical experiences with bronchiectasis con- 
firms the efficacy of resection as both a palliative and curative measure. The 
advaneed saccular type disease appears to be decreasing in frequency, with 
the advanced cylindrical pattern being noted frequently. This is undoubtedly 
due to earlier use of bronchography in the evaluation of patients with pul- 
monary symptoms; thus the bronchial changes are recognized before they 
progress to marked saccule formation. Pulmonary resection is never recom- 
mended solely on the basis of radiographic changes but is reserved for those 
patients in whom there is an unquestionable history of chronic pulmonary 
symptoms associated with permanent changes in the bronchographie pattern. 


The complication and mortality rates associated with earlier experiences 
of pulmonary resection for bronchiectasis have constantly decreased with the 
use of individual dissection and ligation of hilar structures, the general avail- 
ability of endotracheal anesthesia, alert postoperative care aimed at maintain- 
ing a clear airway, and the prevention of infection by the use of antibiotics to 
counteract pleural contamination incidental to operation. 


Pulmonary resection is the treatment of choice in all age groups. 
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INFLUENZAL PNEUMONIA AND BLOOD GAS ANALYSIS 


An Attempt at Correlation Between Anatomic 


and Functional Findings 


Milorad Andrial, M.D., Manchester, Conn. 


Cy: of the striking findings in gas analyses of arterial blood in patients with 
influenzal pneumonia was a marked reduction of oxygen saturation levels.” ? 
This fact was advanced to explain the deep cyanosis of the patients. 

The cause of this insufficient oxygen saturation may be sought in the 
following factors: (1) obstruction of alveolar and bronchiolar lumen by 
secretion, edema fluid, blood, and exudate, (2) impairment of gas diffusion be- 
eause of thickening of alveolar wall by edema and inflammatory exudate, and 
(3) hypoventilation caused by pleural pain and possible toxie damage to the 
respiratory center. 

We have been mainly interested in examining the role played by the lung 
arteries and arterioles in this process. According to von Euler and Liljestrand,* 
inspiration of air poor in oxygen or rich in carbon dioxide results in a rise of 
pulmonary pressure in the animal. If such arterial contraction would come 
into play to diminish the blood supply to individual, poorly aerated, lung 
portions, then—according to these authors—this would be a protective mecha- 
nism; among other things, little or no mixing of nonoxygenated blood from 
alveolar capillaries (e.g., because of diffusion impairment due to alveolar 
exudate) with blood rich in oxygen from healthy lung portions would oceur. 

This mechanism would allow blood that originally was to flow into poorly 
aerated lung areas to be deviated into healthy lung tissue. This would main- 
tain the same level of blood pressure in the pulmonary artery, provided of 
course that sufficient healthy lung parenchyma were available as reserve. 

Animal experiments and investigations in human beings by Motley and his 
associates,‘ who introduced air with a low oxygen content into one and subse- 
quently both lungs, seem to confirm this point of view, inasmuch as no blood 
pressure rise in the main pulmonary artery resulted from one-sided respiration. 

What are the alterations of blood supply that occur in the lung of influenzal 
pneumonia? Clinically, it was seen that frequently only a small rise in oxygen 
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saturation of arterial blood resulted from oxygen breathing (Herzog’), and 
normal values of 95 to 97 per cent could not be obtained. Three main reasons 
could account for this: (1) arterioles situated in the pneumonie areas would 
not contract sufficiently to prevent mixing of blood poor in oxygen with blood 
rich in oxygen; (2) the pneumonie process was too generalized and there were 
no reserves of healthy functioning lung parenchyma where oxygenation could 
take place; and (3) unsatisfactory respiratory movements. Naturally also 
eombinations of the three factors would be possible. 

We have tried to find out—by studying the postmortem material in 3 
typical eases of influenzal pneumonia and comparing the findings with the 
results of blood gas analyses—whether or not there was a contraction of arteries 
in the pneumonic areas. We examined by serial sections the material from 
pneumonie areas: in Case 1, 68 sections; in Case 2, 24 sections; and, in Case 
3, 54 sections. In order to make the arteries stand out better we used, in addi- 
tion to hematoxylin and eosin stain, Weigert’s fuchsin elastic tissue stain. 


, 


CASE REPORTS 


CASE 1—G, G., a 55-year-old man, had never been seriously ill before. On Oct. 14, 
1957, fatigue set in; the following day noisy respiration was noticed. On October 16, the 
temperature rose to 38.5° C. He was admitted to the hospital on October 18. Loss of 
weight and dyspnea were apparent; rales were heard over both lung fields, and a friction 
rub over the right base was present. He was treated with penicillin, erythromycin, strepto- 
mycin, hydrocortisone, blood transfusions, and oxygen therapy. On October 19 (the sixth 
day of illness and 2 days before death), blood gas determination of arterial blood was 
performed [italics are ours]. 

Normal Patient 
O, capacity (vol. %) 19.5-20.5 20.7 
O, saturation (%) 95-97 38.1 
CO, content (vol. %) (plasma) 54-57 66.8 
pH (plasma) 7.38-7.41 7.38 
CO, tension (mm. Hg) 40.0 50.5 

Among the results, the severe arterial hypoxemia stood out, and a massive 
functional shunt was suspected. The patient died on October 21, the eighth 
day of illness, vomiting coffee-ground-like material. 

The autopsy report (S 1337-57, Professor Werthemann) [italics are ours] 
stated that there were severe confluent bronchopneumonia and _ interstitial 
pneumonia of both lower lobes and the left upper lobe, also isolated broncho- 
pneumonie foci of the right middle and upper lobes, total obliteration of both 
pleural cavities with fresh fibrinous pleuritis of the right lower lobe; severe, in 
part hemorrhagic tracheobronchitis. Fresh mucosal ulcerations of the first 
duodenal portion were seen also. 

The pathologic findings showed that all lung lobes were more or less in- 
volved by the pneumonic process. 

Sixty-eight microscopic sections taken from the diseased lung portions 
showed an almost complete obliteration of alveoli and bronchioles by inflamma- 
tory exudate, and marked dilatation and congestion of all blood vessels, i.e., 
capillaries, small and large veins, and arteries (Fig. 1, A, B, and C). Of 
particular interest were the markedly distended capillaries in the alveolar wall. 





All sections were stained with hematoxylin and eosin and Weigert’s fuchsin elastic tissue 
stains. 


Fig. 1—Case 1. A, Three markedly distended and congested arteries with numerous 
capillaries. Alveoli are filled with exudate containing abundant numbers of neutrophils with 
many histiocytes and erythrocytes. (X70; reduced 4%.) 


B and C, Similar histologic picture as in A. (X100; reduced ¥.) 
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Summary.—A 55-year-old man became ill suddenly and died 8 days later 
with generalized bronchopneumonia. Blood gas analysis performed 2 days be- 
fore death showed a markedly reduced oxygen saturation of arterial blood. 
Detailed microscopic examination of the diseased lung portions showed, in 
addition to massive pneumonia, severe dilatation and congestion of lung 
arteries and arterioles. 

Case 2.—A. S., a 22-year-old man, had never been seriously ill. On Nov. 16, 1957, 
cold and cough, without expectoration, and slight fever developed. In the following days, 
increase of temperature, tachypnea and chest pain with respiratory movements occurred. 
On November 18, he was admitted to the hospital in poor general condition, with cyanosis 
of lips and tongue. Respiration was superficial, with tachypnea, and decreased respiratory 
sounds on both sides, The temperature was 40° C, X-ray studies of the chest showed 
bronchopneumonic infiltrates in the right upper lobe and left upper lobe. 

Blood gas analysis of arterial blood on November 18 (on the third day of illness and 
1 day before death) follows [italics are ours]. 

10 min. 


without 20 min. 
Normal oxygen with oxygen 


O, capacity (vol. %) 19.5-20.5 20.6 20.7 
O, saturation (%) 95-97 81.2 
O, tension (mm. Hg) 85-95 43.0 
CO, content (vol. %) (plasma) 54-57 48.5 47. 
pH (plasma) 7.38-7.41 7.49 : 
CO, tension (mm. Hg) 40.0 29.5 28. 

The examination showed, among other findings, a reduced oxygen satura- 
tion of arterial blood that increased only slightly following oxygen breathing. 
It was considered likely that a functional vascular shunt and impaired alveolo- 
eapillary diffusion of oxygen had taken place. 

The patient was treated with penicillin, streptomycin, hydrocortisone, and 
analeptic drugs. The blood pressure kept falling and the patient died in cardio- 
vascular collapse on November 19, the fourth day of illness. 

The autopsy report (S 1463-57 by Professor Werthemann) [italics are 
ours] stated that there were severe confluent, hemorrhagic, in part suppurative 
bronchopneumonia of the entire left lower lobe, the right upper and lower lobes, 
fibrinous pleuritis overlying the pneumonie lung areas, terminal pulmonary 
edema, severe pseudomembranous hemorrhagic bronchitis and tracheitis. 

Virological examination of the involved lung revealed the presence of 
influenzal virus (A asiatica). Bacteriologic examination of the lung showed 
Staphylococcus pyogenes var. aureus. 

Microscopie examination of the lung (24 sections) displayed a massive 
obstruction of the alveolar and bronchiolar lumen by pneumonic exudate and 
a generalized severe congestion and dilatation of all blood vessels, i.e., also of the 
arterioles and capillaries. The picture was strikingly similar to that seen in 
the preceding ease (Fig. 2, A, B, C, D, EF). 

Summary.—A_ previously healthy young man became suddenly ill with 
influenza and died after a course of only 4 days, with bronchopneumonia of 
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Fig. 2.—Case 2. A, B, C, D, and E, Marked dilatation of artery and vein. Bronchus contains 
nun. rous neutrophils, epithelium is in part desquamated. Alveoli are also distended and filled 
Wit! blood. Note marked engorgement of interalveolar capillaries. (All magnified 175, 
excvpt @ which is X270; all reduced %.) 
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the left lower lobe and the right upper and lower lobes. Blood gas analysis 
performed 1 day prior to death showed a diminished oxygen saturation 0° 
arterial blood which rose but slightly following oxygen breathing and did no: 
reach normal values. Microscopic examination of the diseased pulmonan 
vessels revealed, besides severe pneumonic infiltrations, a generalized congestion 
and dilatation of lung arterioles. 


~ Fig. 2.—Cont’d. D and E, For legend see preceding page. 


Case 3.—J. M., a 71-year-old man, a former blacksmith, had been hospitalized a year 
previously for cirrhosis of the liver. He became ill on Nov. 18, 1957, with a fever of 39° C. 
and cough. On November 21, cyanosis of the lips was observed. Hospital admission occurred 
on November 22; cyanosis of the tongue was then also noticed. Blood pressure was 220/100 
mm. Hg. X-ray studies of the chest showed pneumonic infiltrates of both lower lobes and 
possibly also of the right middle lobe. The patient was treated with penicillin, strophantin, 
and analeptic drugs. 

On November 23, the sixth day of illness and 1 day prior to death, gas analysis of 
arterial blood was performed [italics are ours]. 





PNEUMONIA AND BLOOD GAS ANALYSIS 


10 min. with- 20 min. 
Normal out oxygen with oxygen 


O, capacity (vol. %) 19.5-20.5 19.0 19.0 
O, saturation (%) 95-97 83.0 89.5 
O, tension (mm. Hg) 85-95 50.4 61.5 
CO, content (vol. %) (plasma) 54-57 41.0 41.0 
pH (plasma) 7.38-7.41 7.38 7.37 
CO, tension (mm. Hg) 40.0 31.0 31.5 

The examination showed among other findings a reduced oxygen satura- 
tion of arterial blood that rose slightly following oxygen breathing but did not 
atiain normal values. In spite of oxygen therapy and chloromyeetin, the 
paiient become somnolent and died on November 24 with the signs of progressive 
eaidiae insufficiency. 

The autopsy report (S 1490-57, Professor Werthemann) [italies are ours] 
stated that there were severe hemorrhagic, in part fibrinous tracheobronchitis, 
a lobar, confluent hemorrhagic pneumonia of the right lower lobe; confluent 
nodular hemorrhagic, purulent bronchopneumonia of the left lower lobe; 
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Fig. 3.—Case 3. Marked dilatation and congestion of an artery. Alveoli are filled with 
bo oO of neutrophils and erythrocytes. Deposition of anthracotic pigment. (110; 
duce: > 


moderate edema and severe cyanosis of both lungs. There were also obliteration 
of the right pleural cavity, hypertrophic cirrhosis of the liver, and hypertrophy 
of the left ventricle and stenosing coronary sclerosis. 


Microscopic examination of the diseased lung portions (54 sections) showed 
—similar to the previous cases—an almost complete obstruction of the alveolar 
and bronchial lumen by exudate, blood, and edema fluid and a generalized severe 
dilatation and congestion of all blood vessels, including lung arterioles (Fig. 3). 


Summary.—A. 71-year-old man with cirrhosis of the liver became ill sud- 
denly with influenza and died 7 days later with lobar pneumonia of the right 
lower lobe and bronchopneumonia of the left lower lobe. Blood gas analysis 
per'ormed 1 day before death displayed a reduced oxygen saturation of arterial 
blood that rose little following oxygen breathing but did not reach the normal 
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value. Microscopie examination of the diseased lung portions showed obliteration 
of alveolar and bronchiolar lumen by exudate and edema fluid and generalized 
congestion and dilatation of all blood vessels. 


DISCUSSION 


The microseopie picture of influenzal pneumonia is characterized in all the 
eases by a massive infiltration and obstruction of the respiratory passages by 
exudate with many polymorphonuclear leukocytes, fibrin, many erythrocytes, 
and edema fluid. The blood vessels are engorged with blood and are markediy 
distended. 

It is a well-known fact that an acute inflammation of vascular organs is 
followed by dilatation and congestion of local blood vessels as shown clinically 
by the signs of hyperemia and swelling. The cardinal symptoms of Celsus, i.c., 
rubor, tumor, calor, and dolor, point to this fact. In an acute inflammatory 
process in the lung this organ does not act otherwise and hyperemic congestion 
and dilatation are easy to see. However, these are autopsy findings in a full- 
blown inflammation and it is not altogether admissible to draw conclusions from 
these findings regarding vascular reaction in the early stages of the illness. 

In the present investigation we have been mainly interested in correlating 
the clinical findings made in the light of blood gas analyses and the pathologic 
findings after death. The cases just described have several things in common: 
the stormy course of the illness that takes them all ad exitum within 8 days in 
spite of their various ages (22, 55, and 71 years, respectively,) and the very 
similar pathologic findings of influenzal pneumonia. The blood gas analyses 
were performed in every case 1 or 2 days before death. 

When examining the oxygen saturation rates of arterial blood, one is struck 
by the unusually low value in Case 1-38.1 per cent (normal value 95 to 97 per 
cent). It is likely that the generalized pneumonia involving all lung lobes was 
instrumental in reducing the oxygen saturation to such an abnormal level. 

In Cases 2 and 3, the oxygen saturation levels were similar, i.e., 81.2 per 
cent and 83.0 per cent, respectively. This saturation was slightly increased 
further by breathing pure oxygen. In these 2 cases not all of the lung portions 
were involved by pneumonic infiltrates as it had been in Case 1, and this may 
explain in part the different findings in these two groups of cases. 

A question that remains unanswered in the present investigation is whether 
pulmonary arterioles contract in the early phases of influenzal pneumonia and 
thus possibly prevent a functional shunt, an arteriovenous anastomosis. 

The experiments of von Euler and Liljestrand® * * who administered air 
poor in oxygen or rich in carbon dioxide were carried out on animals and 
human beings whose lungs very likely were not subject to an acute inflammatory 
process. It is therefore quite possible that lung arterioles in man react to 
oxygen lack by contracting and that, in such a way, blood is channeled into 
better aerated lung areas. However, if a massive acute inflammatory process 
takes place, such as influenzal pneumonia, this mechanism of purposeful blood 
distribution is probably abolished, the arterioles dilate in order to accommodate 
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the increased blood volume attracted by the inflammatory reaction. A vascular 
reaction similar to that seen in influenza is equally observed in other types of 
acute pneumonia. Fig. 4 shows a microphotograph of a case of noninfluenzal 
bronchopneumonia. Like in influenza, an obvious dilatation and congestion 
of arteries and veins surrounded by inflammatory exudate in the alveoli and 
bronchioles is displayed. 

Occasionally, blood supply to the diseased lung will be diminished not by 
arterial contraction but as a result of vascular thrombosis. Now and then we 
have seen such thrombotic occlusions in influenzal pneumonia especially in the 
chronie eases. These thromboses are—of course solely from the standpoint of 
gas exchange in the lung—useful and cause the blood stream to be diverted to 
noninvolved lung areas. 


Fig. 4.—Nongrippal pneumonia. Dilated and congested artery and vein. Alveoli filled with 
exudate. (X100; reduced %.) 


Remarks Regarding Oxygen Therapy of Patients Ill With Influenzal 
Pneumonia.—lf a blood analysis shows that oxygen saturation of arterial blood 
is lower than normal, and if oxygen breathing does not raise it to normal values 
or does not affect it at all, it may be assumed that the gas exchange in the lung 
has been considerably impaired provided, however, that this did not occur as a 
result of lowered hemoglobin-oxygen binding capacity as for example in anemia 
(this would be characterized by a diminished oxygen capacity of arterial blood) 
or of poor respiratory movements, failure of the heart pump or of the respiratory 
ceriter. 

Oxygen respiration is frequently a lifesaving measure in many of the above 
conditions but fails if for anatomic reasons it is not possible to bring about a 
gas exchange in the lungs; an example of such a condition can be found in the 
aciite influenzal pneumonia as we have shown it in three examples. Here the 
exient of inflammation is of course all important. If, as in Case 1, the inflam- 
m:tory reaction almost completely involves both lungs, it becomes difficult to 





88 ss Gulmctee 
hope that the oxygen level of arterial blood will rise significantly or even reac 
normal values as a result of oxygen breathing, since the oxygen is not able t» 
penetrate into alveolar capillaries because of a mechanical blocking of the 
alveoli. 

A more logical therapeutic approach to these conditions, characterized by 
a low arterial oxygen saturation not responding to oxygen breathing, would 
consist in oxygenizing blood directly instead of trying to have oxygen cross the 
blocked alveolo-capillary barrier in order to combine with the hemoglobin of 
capillary blood. 

Already in 1882, von Sehréder’ had tried to oxygenize venous blood flowing 
through isolated organs. A modern method of oxygenization of venous blood 
was first suggested by Lillehei, DeWall and co-workers.® ° Its use in operations 
on the heart and lungs is well established today. Oxygenization of venous 
blood is carried out in an oxygenator in which oxygen is mixed with venous 
blood in a special chamber; another important component of this machine is a 
debubbling device serving to remove the numerous gas bubbles from oxygenized 
blood to prevent gas embolism. 

The main field of application of these oxygenators is naturally in heart 
surgery where they replace the heart and lung functions during the surgical 
intervention. In the present cases the problem consists in replacing only the 
function of the lung in the gas exchange, i.e., in the oxygenization of venous 
blood. 


The technique of an artificial oxygenization of venous blood will have to be 
tried out, of course, in animal experiments. The duration of oxygen trans- 
fusion is limited to a large degree by hemolysis that occurs during such a 
procedure; moreover, changes in pH and electrolytes of blood occur and have 
to be corrected. Furthermore, one of the main technical problems of an 
oxygenator is still a quantitative prevention of gas bubble formation and gas 
embolism. 


If these technical problems could be reduced and eliminated then, in the 
uncomplicated case, blood could be removed from a vein and run through an 
oxygenator; the oxygenized blood would then be transfused into another vein 
from which it would reach the heart and flow through the diseased lungs, 
circulate in the arteries, and again return to the vein going to the oxygenator. 
It seems that such a procedure, if the technical problems could be mastered, 
might not be much more complicated than an ordinary blood transfusion. 

The above remarks represents merely a therapeutical suggestion that we are 
advancing very humbly being aware of the technical problems involved. How- 
ever, if it were possible to carry out such an artificial oxygenization of venous 
blood with a simple oxygenator, for a significant length of time without the 
risk of gas embolism, hemolysis, significant changes in the level of plasma ion 
concentrations, and the pH of blood, then we would have a new important 
therapeutical tool with the help of which the 3 patients just reported might 
have been saved. 
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ly, 


Obviously, the method of artificial oxygenization of blood could be applied 
ii many other conditions characterized by a partial or complete loss of lung 
funetion, such as generalized lung edema, lungs in drowning, trauma of the 
thorax, and traumatic lung injuries. 


SUMMARY 


An attempt is being made to correlate the low oxygen saturation levels of 
a:terial blood in 3 patients dying of influenzal pneumonia with the microscopic 
findings in their lungs. No vascular contraction—as expected on the basis of 
experiments done by von Euler and Liljestrand—was seen in the diseased lung 
areas, 

In cases where oxygen breathing is followed by no rise or only a small rise 
of oxygen saturation levels in the arterial blood, artificial oxygenation of venous 
blood by means of an oxygenator is suggested as the logical treatment. 


I wish to thank Professor Werthemann for allowing me to study autopsy protocols 
and autopsy material relative to this study, Professor Staub for permission to study and 
use parts of the case histories, and Dr. Herzog for suggestions regarding blood gas analysis. 
Microphotographs were made by Mr. Sutter. 


REFERENCES 


. Stadie, W. C.: The Oxygen of the Arterial and Venous Blood in Pneumonia and Its 
Relation to Cyanosis, J. Exper. Med. 30: 215, 1919. 

. Herzog, H.: Die Bedeutung gasanalytischer Untersuchungen im arteriellen Blut und in 
der Alveolarluft fiir Diagnose und Therapie bei Grippepneumonie, Praxis 47: 140, 
1958. 

3. Von Euler, U. 8., and Liljestrand, G.: Observations on the Pulmonary Arterial Blood 
Pressure in the Cat, Acta physiol. scandinav. 12: 301, 1946. 

. Motley, H. L., Cournand, A., Werko, L., Himmelstein, A., and Dresdale, D.: The In- 
fluence of Short Periods of Induced Acute Anoxia Upon Pulmonary Artery Pressures 
in Man, Am. J. Physiol. 150: 315, 1947. 

5. Liljestrand, G.: Regulation of Pulmonary Arterial Blood Pressure, Arch. Int. Med. 81: 
162, 1948. 

. Von Euler, U. S.: Verhandl. deutsch. Gesellsch. Kreislaufforsch. 17: 8, 1951. 

. Von Schréder, W.: Uber die Bildungsstatte des Harnstoffs, Arch. f. exper. Path. u. 
Pharmakol. 15: 364, 1882. 

. Lillehei, C. V., DeWall, R. A., Read, R. C., Warden, H. E., and Varco, R. L.: Direct 
Vision Intracardiac Surgery in Man Using a Simple, Disposable Artificial Oxygen- 
ator, Dis. Chest 29: 1, 1956. 

9. DeWall, R. A., Read, R. C., Warden, H. E., Gott, V., Varco, R. L., and Lillehei, C. W.: 
A Simple, Disposable, Artificial Oxygenator for Use in Intracardiac Surgery, Surg. 
Clin. North America 36: 1025, 1956. 





BILATERAL INFERIOR DEEP CERVICAL (SCALENE FAT PAD) 
AND PARATRACHEAL LYMPH NODE BIOPSIES 


Alfred H. F. Lui, M.D.,* Wayne W. Glas, M.D.,* and 
Eugene H. Lansing, M.D., Eloise, Mich. 


1opsy of the inferior deep cervical lymph nodes, as advocated by Daniels! in 

1949, has proved to be a worthwhile procedure in the diagnosis of intra- 
thoracic diseases. This operation is usually performed on one side and consists 
of a partial excision of the scalene fat pad with its associated inferior deep 
cervical lymph nodes. Steele and Marable? have described an excellent method 
of removing the paratracheal and inferior deep cervical lymph nodes on one 
side through an incision along the anterior border of the sternocleidomastoideus 
muscle. We have extended this procedure and at present it is our policy to 
perform bilateral inferior deep cervical and paratracheal lymph node biopsies 
through a single incision. 


TECHNIQUE 


The patient is placed in the supine position and the neck is extended by 
placing a folded sheet beneath the shoulders. With the surgeon on the left side, 
a transverse incision is made about 3 em. above the suprasternal notch (Fig. 1, 
1). The ends of this incision should be located slightly lateral to the anterior 
border of each sternocleidomastoideus muscle. The incision is extended through 
the platysma muscle and the upper and lower flaps are undermined in the sub- 
platysmal plane. The investing layer of the deep cervical fascia is incised verti- 
eally in the midline avoiding the anterior jugular veins and the jugular venous 
arch (Fig. 1, 2). The sternohyoid and sternothyroid muscles are retracted 
laterally to expose the pretracheal layer of the deep cervical fascia. This fascia 
is incised vertically in the midline avoiding the underlying inferior thyroid 
veins and exposing the trachea in the superior mediastinum (Fig. 1, 3). Lymph 
nodes with their accompanying adipose tissue from the right and left para- 
tracheal areas are dissected free and removed. 

The right scalene fat pad with its associated inferior deep cervical lymph 
nodes is partly excised by removing its medial and inferior portions which are 
adjacent to the internal jugular and subclavian veins. This is accomplished by 
retracting the sternocleidomastoideus muscle anteriorly and laterally after the 
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investing layer of the deep cervical fascia along its anterior border has been 
incised for a short distance. The sternohyoid and sternothyroid muscles are 
retracted medially. The pretracheal fascia, forming the anterior portion of the 
carotid sheath, is incised longitudinally exposing the internal jugular vein which 
is retracted medially (Fig. 1, 4). The sealene fat pad is palpated anterior to 
the sealenus anticus muscle in the subclavian triangle. The sealene fat pad is 
dissected off the prevertebral fascia covering the scalenus anticus muscle thus 


. 


Fig. 1.—1, Transverse skin incision for bilateral inferior deep cervical and paratracheal 
lymph node biopsies. 

2, Vertical midline incision through the investing layer of the deep cervical fascia. 

8, Vertical midline incision through the pretracheal fascia exposing the trachea. 

4, Exposure of the right scalene fat pad obtained by retracting the sternocleidomastoideus 
muscle anteriorly and laterally, and the internal jugular vein medially. 

5, Exposure of the right scalenus anticus muscle with its overlying phrenic nerve after 
the scalene fat pad has been removed. 


exposing the phrenic nerve (Fig. 1, 5). It is also dissected off the proximal por- 
tions of the internal jugular and subclavian veins. The inferiomedial portion 
of the scalene fat pad with its associated inferior deep cervical lymph nodes is 
then excised. 


The surgeon now moves to the right side o* the table and the left scalene 
fat pad is removed in a similar manner. Particular care is exercised to prevent 
injury to the thoracic duct. Lymph nodes from the four different areas of bi- 
opsy are placed in separate specimen jars. After complete hemostasis is obtained 
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in all four areas of biopsy, the investing layer of the deep cervical fascia is ap- 
proximated in the midline by interrupted sutures. The skin flaps, including the 
platysma muscle, are approximated with one layer of interrupted sutures placed 
so that the knots are buried in the subplatysmal plane. The superficial portion 
of these sutures is located in a subcuticular position and no skin sutures are 
used. A pressure dressing completes the procedure. 


SUMMARY 


A method of biopsy in which both the right and left inferior deep cervical 
and paratracheal lymph nodes are removed through a single incision is de- 
seribed. This eliminates a second biopsy through a separate incision on the op- 
posite side. We believe that a greater number of positive diagnoses will be 
made when both right and left inferior deep cervical and paratracheal lymph 
nodes are biopsied routinely. 
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SURGICAL RESECTION IN PULMONARY TUBERCULOSIS DUE 
TO ATYPICAL MYCOBACTERIUM TUBERCULOSIS 


Raymond F. Corpe, M.D.,* and Joseph Liang, M.D.,** Rome, Ga. 


yale in with over 180 cases of atypical pulmonary tuberculosis, treated 
with conventional antitubereulosis drug therapy at Battey State Hospital, 
has shown the conversion rate to be about 22 per cent. In typical tuberculosis, 
the conversion rate is about 90 per cent after 6 months of drug therapy.. In 
atypical tuberculosis, the great shortcomings of this medical approach have led 
us to continue excisional surgery in selected cases. Our experience would indi- 
cate that resection can be done with a low morbidity and a reasonably low mor- 
tality with resultant high sputum conversion in well-chosen cases and affords 
reasonably good results in the long-term tenure. 


MATERIALS AND METHODS 


From Jan. 1, 1950, to the end of April, 1959, 25 patients with atypical 
tuberculosis were subjected to pulmonary resection. Of the 23 white patients, 
18 were male and 5 were female. The 2 Negro patients were male. Twelve pa- 
tients subjected to resection were in their forties; 6 were in their thirties; 5 
were in their fifties; and the youngest patient was 28 and the oldest 67 years 
of age. 

According to the classification of the National Tuberculosis Association, the 
disease was minimal in 1 case, moderately advanced in 13, and far advanced in 
the remaining 10 cases. 

On admission bacteriologic studies, 16 of the patients were positive by both 
direct smear and culture and 9 were negative on direct smear but positive on 
culture. Using Runyon’s classification,' 22 of the positive cultures were non- 
photochromogenies (Group III-Battey type). In 2 patients, there were photo- 
chromogenic strains (Group I), and in 1 there was a scotochromogeniec strain 
(Group II). 

As soon as a working diagnosis of pulmonary tuberculosis was established, 
24 of the 25 patients were placed on antituberculous drug therapy. Twelve of 
these patients received isonicotinie acid hydrazide (INH) and para-aminosali- 
eylic acid (PAS), 9 received INH, streptomycin, and PAS, 3 received strepto- 
mycin and PAS, and 1 patient received INH, streptomycin, PAS, and Dalicin 
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in the preoperative period. Additional chemotherapy was used in the post- 
operative period. Ten of the 12 patients having had INH and PAS received 
streptomycin in the postoperative period. Another patient who received INH 
and PAS had pyrazinamide (PZA) added in the postsurgical period. There 
was 1 patient who received no drug therapy before or after surgery. 

Two patients had no sensitivity studies done prior to surgery. Of the 23 
patients who did have, 23 were completely resistant to isoniazid, and 13 of these 
23 were totally resistant to streptomycin—5 were partially sensitive, and 5 were 
completely sensitive to streptomycin on the last studies done prior to surgery. 

Four of the 25 patients had negative sputum studies at the time of surgery; 
1 patient had been negative for 3 months, 2 for 5 months, and 1 for 10 months. 
Of the remaining 21 patients, 2 were intermittently positive and 19 had never 
had negative cultures. 

Twenty-three of these patients had preoperative bronchoscopies. One had 
a partial stenosis of the right upper lobe bronchus. One patient had severe 
endobronchitis which required postponement of surgery for 2 months until the 
inflammatory process had subsided under treatment. Resection was then suc- 
cessfully performed. Five of these patients had bronchograms. One revealed 
extensive bronchiectasis of the left lung and this patient eventually had a left 
pneumonectomy. 

Twenty of the 25 patients were operated upon for open cavities plus posi- 
tive sputum. One patient had an open eavity and a negative sputum, 1 pa- 
tient had residual fibrocaseous disease and a positive sputum, 3 patients had 
residual fibrocaseous disease with a negative sputum. 

There were 26 resections performed on these 25 patients (Table I). One 
patient had a right upper lobectomy first followed 20 days later by a segmentec- 
tomy by the removal of the upper division of the left upper lobe. 


TABLE I. SURGICAL PROCEDURES 








WITHOUT WITH 
PROCEDURES vO. COMPLICATION COMPLICATION 





Subsegmentectomy 1 
Segmentectomy 1 
Lobectomy, alone id 
Lobectomy, plus : 2* 
Pneumonectomy 0 
Total 26 21 5 


*In these cases, the complications were followed by death. 








MORBIDITY AND MORTALITY 


The patient who had bilateral resections had an uncomplicated course fol- 
lowing each resection. Five patients (20 per cent) had postoperative complica- 
tions (Table II). One of the 4 subsegmental resections was followed by a 
bronchopleural fistula which required post-resection thoracoplasty. One of the 
7 segmental resections was also complicated by a bronchopleura] fistula and 
residual space problem that required a post-resection thoracoplasty. There were 
no deaths in the 11 patients who had small resections. 
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TABLE II. 


ATYPICAL MYCOBACTERIUM TUBERCULOSIS 


MorRBIDITY AND MorTALITy DuE TO SuRGICAL COMPLICATION 








PROCEDURES 


COMPLICATION 


MORTALITY 


POSTOP. SPUTUM 
STATUS 





. Subsegmentectomy, 
apical posterior seg- 
ment, LUL, with post- 
resection thoracoplasty 


. Segmentectomy, apical 
posterior segment, 
RUL, with post-resec- 
tion thoracoplasty 


. RUL lobectomy plus 
segmentectomy, su- 
perior segment, RLL 


. RUL and RML lobec- 
tomies plus wedge of 
superior segment, RLL, 


Bronchopleural fis- 
tula and residual 
space 


Bronchopleural fis- 
tula and residual 
space 


Pneumonia 
Bronchopleural fis- 


tula and residual 
space 


Died of pneumonia 


on seventh postop. 


day 


Died of pulmonary 
insufficiency on 


fourth postop. day 


Sputum converted 
28 months after 
surgery 


Sputum converted 
following surgery 


with post-resection 
thoracoplasty 


. RUL lobectomy Died of hypoxia, 


48 hours 
5 Cases 


Pulmonary insuf- 
ficiency 





Total 





Of the 10 patients who had lobectomy only, 9 had no complications. One 
patient died of pulmonary insufficiency 48 hours after a right upper lobectomy. 
There were 3 patients who had lobectomies plus removal of other lung tissue, 
and 2 of these procedures were accompanied by complications which led to 


death. One was a 67-year-old white woman who had a right upper and a right 


middle lobectomy plus removal of a wedge from the lower lobe. There was not 
enough tissue to adequately fill the pleural space and a post-resection thoraco- 
plasty was performed 3 weeks after the resection. Following this, the patient 
died of pulmonary insufficiency on the fifth postoperative day. Another pa- 
tient, having had a right upper lobectomy plus a superior segmental resection 
of the superior division of the right lower lobe, died on the seventh postopera- 
tive day of pneumonia and atelectasis on the operative side, which was revealed 
at autopsy. There were 2 patients who had pneumonectomies and both had 
uncomplicated courses postoperatively. The surgical mortality rate, therefore, 
was 12 per cent. 

Pathologie and bacteriologie studies of the surgical specimens revealed 2 
surgical specimens negative on direct smear and culture. Twenty-four of the 
26 surgical specimens had positive direct smears and, of these, 18 were positive 
on culture. According to C. Edwin Smith, Battey Laboratory Director, these 
cultures were the same in each case as ‘had been isolated preoperatively from 
each individual. Dr. I. Stergus, Pathologist at Battey State Hospital, says that 
‘*Pathologically, these lesions are indistinguishable from those of typical tuber- 
culosis, grossly and microscopically.’’ 


RESULTS 


Four of the 25 patients had negative sputum at the time of surgery which 
remained consistently negative following surgery. Of these 4 patients who had 
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negative sputum, 1 had an open cavity and the other 3 had residual fibrocaseous 
disease. Whether or not the sputum of these 4 patients would have remained 
negative without surgery cannot be stated, but we count these 4 patients as 
combined medical-surgical treatment successes. 

The sputum was positive in 21 patients at the time of surgery. In 14 cases, 
it converted immediately following surgery and has remained negative. We 
consider these 14 successes primarily attributable to surgery. There were 3 
more patients who had cavitary disease with positive sputum at the time of 
surgery which did not convert immediately following surgery. The sputum 
of 1 patient converted within 3 months with new chemotherapy and in the other 
2 converted after longer periods of chemotherapy. These successes are also 
attributed to combined surgical-medical therapy. Our failures are limited to 
3 patients who died as a result of their surgery. We believe that 22 of the 25 
patients, or 88 per cent, who are now alive and with negative sputum, are 
treatment successes with the main credit being given to the addition of surgical 
therapy (Table IIT). 


TABLE III. Sputum Stratus FoLLowina SURGERY 








| NO. PER CENT 





Negative before and after surgery 16 
Positive prior to surgery and negative thereafter 14 66 
Positive prior to surgery and after surgery but 

still converted subsequently 4 16 
Positive prior to surgery and died as a result of 

surgery 3 12 
Total 25 








DISCUSSION 


In judging surgical therapy, one has to weigh the risk of surgery against 
the risk the patient must take without this treatment. .In the group of patients 
at Battey State Hospital with atypical tuberculosis, only 20 per cent have been 
treated successfully by chemotherapy alone. In this small group of 25 patients 
treated by surgery and chemotherapy, 88 per cent have been treated success- 
fully. It is our belief that patients who are surgical candidates should be sub- 
jected to resection as soon as possible. We have not attempted to reach a 
target point of negativity in this group. 

The surgical mortality rate was 12 per cent. Up to the present time, there 
have been 31 deaths in the 155 patients treated medically, for a mortality rate 
of 20 per cent. In this medically treated group, 8 patients have died of atypical 
pulmonary tuberculosis, 7 have died of cardiac disease, and 13 have died of 
pulmonary tuberculosis and cardiac failure. 

In a previous publication,? we suggested that resections of less than a lobe 
were unsatisfactory. With a somewhat larger experience, we found a complica- 
tion rate of 20 per cent in resections of less than a lobe, and there were no 
deaths in this group. Although bronchopleural fistulas are serious complica- 
tions, they are amenable to post-resection thoracoplasties. We believe that 
smaller resections may be used wherever indicated. 
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The deaths in our group of patients followed lobectomy plus segmental 
resection and/or wedge resections. Two of these three deaths might have been 
averted. The patient who had had a right upper and right middle lobectomy 
plus a wedge resection of the superior segment of the right lower lobe could 
have been treated better by a pre-resection thoracoplasty and then completion 
of the thoracoplasty and tailoring of her chest to fit the remaining lung tissue 
at the time of the resection. The patient who died from pulmonary insufficiency 
following a right upper lobectomy might not have been subjected to surgery 
if a more detailed preoperative pulmonary function evaluation had been made. 


SUMMARY 


1. Twenty-two of 25 cases of atypical tuberculosis are alive and well fol- 
lowing combined surgical-medical therapy. 

2. The morbidity rate was 20 per cent. Three patients had bronchopleural 
fistulas, 2 of whom were successfully treated by post-resection thoracoplasty. 

3. There were 3 postoperative deaths. 

4, Early resection is advocated in suitable candidates. 

5. Resections of less than a lobe are also advocated when indicated. 
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THE DEVELOPMENT OF BRONCHOGENIC CARCINOMA 
IN PATIENTS WITH PULMCNARY TUBERCULOSIS 


Roger E. Campbell, M.D., and Felix A, Hughes, Jr., M.D., 
Memphis, Tenn. 


Sinema has been considerable discussion in the past concerning the simultaneous 
occurrence of pulmonary tuberculosis and bronchogenic carcinoma.’* Re- 
cent interest in this problem reflects the presumption that the incidence of 
bronchogenic carcinoma may be higher in patients with pulmonary tuberculosis 
than in the general population. This led us to review and analyze the 11,000 
cases of pulmonary tuberculosis and 650 cases of bronchogenic carcinoma seen 
at Kennedy Hospital between the years 1947 and 1958. 

During this 10-year period, 24 patients with proved pulmonary tuberculosis 
and bronchogenic carcinoma were seen. Active pulmonary tuberculosis un- 
questionably existed prior to the onset of the carcinoma in 10 patients, while 
active pulmonary tuberculosis was present when the carcinoma was discovered 
in 14 patients. Activity is considered real when two or more positive cultures 
for acid-fast bacilli are established. 

Three additional patients with bronchogenic carcinoma were eliminated 
from this series. There was 1 patient with a single positive culture and 16 
negative cultures. The second patient had three positive smears, but no positive 
cultures. The third patient was dropped, even though areas of active tuber- 
culosis were found at postmortem, because smears and cultures of his sputa 
were not obtained. 


Age.—Ages of these 24 patients ranged from 31 years to 68 years with a 
mean age of 58 years. Those with active tuberculosis had a mean age of 54 
years, as compared to a mean age of 62 for those classified as having inactive 
disease. 


Sex and Race.—Of the 24 patients, 22 were white males and 2 were Negro 
males. These figures do not represent actual age and race incidence, because 
the hospital population is overwhelmingly male. 


Site of the Bronchogenic Carcinoma.—Bronchogenic carcinoma and tuber- 
culosis occurred in the same lung in 19 patients. In 16 cases (66 per cent), the 
two diseases occurred in the same lobe. The carcinoma developed in a site other 
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than that involved by tuberculosis in 8 patients. In 5 of these patients the 
disease had been considered inactive from 2 to 16 years, and active in 3 patients. 


Duration of Tuberculosis——Six patients with active pulmonary tuberculosis 
were found to have coexisting bronchogenic carcinoma within 6 months after 
the establishment of the diagnosis of tuberculosis. Another 6 patients were 
found to have carcinoma 1 to 10 years after the diagnosis of active tuberculosis 
was established. Two patients had had active disease for more than 10 years 
at the time that the carcinoma was discovered. All of the patients with inactive 
tuberculosis had been considered inactive for 2 to 10 years when the bronchogenic 
carcinoma was found. 


Diagnostic Aids.—Bronchoseopy and cytology were utilized in 16 patients. 
Bronchosecopically, a positive biopsy was obtained in 4 patients (25 per cent), 
visual evidence of tumor without biopsy was seen in 5 patients (31 per cent), 
and a negative examination was present in 7 patients (44 per cent). Suspicious 
cytology was present in 2 patients (12 per cent), positive cytology in 5 patients 
(31 per cent), and negative cytology in 9 patients (56 per cent). 


Diagnosis.—The diagnosis of bronchogenic carcinoma presents many diffi- 
culties in patients with pulmonary tuberculosis.» The infection usually dom- 
inates the clinical picture so that neoplasm is frequently overlooked for varying 
periods of time. When active tuberculosis was present, the earliest diagnosis 
of coexistent bronchogenic carcinoma was made in 4 patients after 3 months of 
hospitalization and antitubereculosis chemotherapy ; in 1 patient after 6 months; 
in 7 patients after 1 or more years of hospitalization and treatment. The diag- 
nosis was more rapidly made in the group with inactive disease. 

A diagnosis of carcinoma was never made during life in 3 patients. These 
3 patients were hospitalized 4 months, 8 months, and 12 months, respectively. 
All patients had x-ray studies at regular intervals (at least once a month). 
Two patients had active tubereulosis and in a third patient the disease was 
considered to be inactive. 


Treatment.—Seven patients were subjected to exploratory thoracotomy. 
In 6 of these, the neoplasms were resected, three by- pneumonectomy and three 
by lobectomy. Two of the pneumonectomy patients and one of the lobectomy 
patients received ancillary treatment in the form of radiation therapy or nitro- 
gen mustard, and 1 patient received both nitrogen mustard and radiation 
therapy. 


Results.—All patients except 1 are now dead. The survivor had a right 
upper lobectomy for alveolar cell carcinoma on Sept. 24, 1956. Only 2 other 
patients lived longer than 10 months after the diagnosis of carcinoma was 
established. Both of these patients died 15 months after treatment. 


DISCUSSION 


From postmortem examinations of tuberculosis patients, Gerstl and his 
associates’ found bronchogenic carcinoma in 0.44 per cent, while Robbins and 





100 CAMPBELL AND HUGHES J. Thoracic and 


Cardiovas. Surg. 


Silverman’ reported an incidence of 1.5 per cent. Bronchogenic carcinoma has 
been found in 0.38 per cent of the patients with active tuberculosis seen during 
the past 8 years at the Mississippi State Sanatorium.’ The series reported here 
represents an incidence of 0.2 per cent. This is 20 times greater than the 
incidence reported in the general population and is comparable to that reported 
for heavy smokers as described by Pack and Ariel.® The autopsy incidence 
reported in 1946 by Gerstl® was 0.44 per cent, while the incidence reported for 
the general population was only 0.0058 per cent. These figures denote a higher 
bronchogenic carcinoma rate in patients with pulmonary tuberculosis. Inasmuch 
as tuberculosis presently tends to appear more frequently in the older patients 
(over the age 45), these two diseases can be expected to occur together more 
frequently in the future.?® 1 

Since the therapeutic results in this series were extremely poor, a search 
of the clinical records and x-ray films was made to ascertain if there were any 
clinical or radiologic evidences which would have permitted earlier recognition 
of the malignancy. 

Some of the following clinical and radiologic findings should make one 
suspicious of a possible coexistent neoplasm in tuberculosis patients: (1) if, after 
a reasonable trial of antituberculosis chemotherapy, there is no improvement 
of the patient’s general and radiologic status, (2) enlargement of the hilar area, 
especially if unilateral,’ ** (3) atelectasis of a lobe or segment of the lung,’* * 
(4) solitary nodular density, especially if it is in the lower lobes and has a 


fuzzy border, and (5) cavities with a thick, irregular wall and a poorly visual- 
ized, eecentrically placed, radiolucent central area. 


SUMMARY 


1. A study of case histories of 11,000 patients with tuberculosis and 650 
patients with bronchogenic carcinoma was made in an attempt to establish the 
relative incidence of the coexistence of these two disease processes in the same 
patient. 

2. The findings indicate that this combination of diseases occurs 20 times 
more frequently in the patient with tuberculosis than in the patient from the 
general population. 

3. The study suggests that this incidence may increase as the age of the 
tuberculous patient becomes older. 

4. All male patients with tuberculosis over the age of 45 should be studied 
frequently by clinical and radiologic examinations in the quest for location of 
the malignant lesion, in addition to the infection. Any suspicion should then 
invoke a complete investigation to prove the existence or nonexistence of the 
two lesions. 
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BILATERAL SIMULTANEOUS SQUAMOUS CELL 
CARCINOMA OF THE LUNG 


Clarence I. Britt, M.D., A. ]. Christoforidis, M.D., and 
Neil C. Andrews, M.D., Columbus, Ohio 


ARCINOMA of the lung is one of the most common tumors of the adult male. 
The oceurrence of bilateral simultaneous primary squamous cell carcinoma 
arising from major bronchi in a living patient is unknown.'! Individual cases 
have been reported in which pulmonary resection was carried out for carcinoma 
of the lung and years later a malignaney was found in the other lung.? Cases 
have been reported in which carcinoma in situ, a suspected precursor of cancer 
of the lung, has been found in areas of the same or the opposite lung after pul- 
monary resection for frankly invasive carcinoma.* * The presence of squamous 
cell carcinoma in one lung and a small cell or oat cell carcinoma in the opposite 


lung has been reported.t In all of these cases the diagnosis of bilateral pul- 
monary malignancy was made partially, if not completely, on the basis of 
pathologie examination of the resected specimen and examination of autopsy 
material. A diagnosis of bilateral simultaneous primary squamous cell car- 
cinoma of the lung in a living patient has not been reported in the literature. 


CASE REPORT 


A 60-year-old white male laborer (I. C. H.) developed a cough productive of yellow- 
white sputum 3 years prior to admission to the hospital. Fifteen months before hos- 
pitalization he developed a cold, pleuritic pain, fever, chills, night sweats and had an 
increase in cough and sputum. These symptoms subsided in 2 weeks but anorexia per- 
sisted. Six months before hospitalization the patient first noted the onset of exertional 
dyspnea and the recurrence of cough with yellow-white sputum. Three months later he 
developed intermittent fever, increasing anorexia, constipation, weakness, and had a 
10-pound weight loss. These symptoms progressed and 1 month before admission x-ray 
studies of the chest demonstrated bilateral apical “exudative” pulmonary disease. Sputum 
examinations were negative for acid-fast bacilli but the roentgenogram was so suggestive 
of pulmonary tuberculosis that he was admitted to the Ohio Tuberculosis Hospital for 
diagnosis and treatment. 

A roentgenogram of the chest made 7 years prior to admission was reported as 
normal. The patient smoked one package of cigarettes per day, was treated for syphilis 
in 1952, and had a 40-year history of alcoholism requiring hospitalization on three oc- 
easions. He denied alcoholic intake for the previous 3 years. 
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The patient was a well-developed white man with normal vital signs, who appeared 
chronically ill. There were normal breath sounds over both lung fields and no rales were 
heard. The liver was firm, nodular, nontender, and enlarged 2 fingerbreadths below the 
right costal margin. The prostate was enlarged, soft, and nontender on rectal examina- 
tion. The remainder of the physical examination was within normal limits. 

Admission hemoglobin was 11.2 Gm. per cent, hematocrit 39 per cent, white blood 
cell count 6,850 cells per cubic millimeter with a normal differential. Urinalysis and 
blood chemistries were normal. Histoplasmosis skin test was positive 20 by 20 mm. 
PPD No. 1, intermediate, PPD No. 2 and old tuberculin skin tests for tuberculosis were 
negative. Serologic test was positive for syphilis. Sputum smears and cultures for 
tuberculosis were negative. 


Fig. 1.—Note the bilateral hilar lymph node enlargement, the soft tissue mass above the right 
hilum, and linear atelectatic changes in both infraclavicular areas. 


The pre-admission chest roentgenogram on Nov. 20, 1958, demonstrated a soft tissue 
mass in the right infraclavicular area adjacent to the hilum. Linear and nodular in- 
filtrations were present in both upper lobes. Both hila showed lymph node enlargement. 
Additional findings were aortic arch calcification, healed fractures of the left sixth and 
seventh ribs, and left pleurodiaphragmatic adhesions. A roentgenogram of the chest on 
Jan. 7, 1959, showed the previously described infiltrations in the infraclavicular regions 
of both upper lung fields (Fig. 1). The soft tissue mass adjacent to the right hilar area 
was again noted, with bilateral lymph node enlargement, but with no evidence of cavita- 
tion, 


A bronchoscopy on Jan. 14, 1959, showed the left lower lobe bronchus and its seg- 
mental bronchi to be normal. The left upper lobe bronchus appeared normal for 1 em. 
when visualized through a right angle telescope. The right lower lobe and middle lobe 
bronchi were also normal. Thick green purulent secretions were seen obstructing the 
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anterior segmental bronchus of the right upper lobe bronchus. Aspiration of this ma- 
terial did not result in complete clearing of the area of obstruction. A biopsy from the 
right upper lobe carina was reported to be normal bronchial tissue with squamous meta- 
plasia. Biopsy of the left upper lobe carina showed slight chronic nonspecific bronchitis. 
Culture of the aspirate was negative for acid-fast bacilli but a moderate growth of 
hemolytic Staphylococcus albus and streptococci was obtained. 

A bilateral bronchogram on Jan, 22, 1959, demonstrated obstruction of the posterior 
and anterior segments of the right upper lobe with partial atelectasis corresponding to the 
obstructed segments (Fig. 2, 4). The apical segment of the right upper lobe and the seg- 
mental bronchi of the right middle and lower lobes were well outlined. On the left side 
there was complete obstruction of the left upper lobe bronchus, including the lingula (Fig. 
2, B). All bronchi of the left lower lobe were well visualized. Other changes in both lung 


A. B. 


Fig. 2.—A, Bronchogram of the right side shows obstruction of the posterior and anterior 
segments of the right upper lobe. Only the apical segment is patent. B, Note the complete 
obstruction of the left upper lobe bronchus (arrow). 


fields were compatible with chronic bronchitis and emphysema. A repeat bronchogram was 
performed following bronchoscopic aspiration of mucus plugs and aerosol therapy to rule 
out the possibility of tumor. The same areas of bronchial obstruction were demonstrated 
which indicated probable bilateral bronchogenic tumors. 

. On Feb. 2, 1959, a second bronchoscopy was performed to obtain bronchial secretions 
for cytologic examination. The right upper lobe segmental bronchi were successfully aspirated 
and an intrabronchial lesion could not be demonstrated. The left main bronchus was nar- 
rowed and edematous. The left upper lobe bronchus was visualized and the anterior seg- 
mental bronchus aspirated, revisualized, and an obstruction was not seen. Generous biopsies 
were obtained from the right upper lobe carina and the left upper lobe carina. The bronchial 
secretions were collected separately during the procedure from the right main bronchus, then 
from the left main bronchus, and examined for the presence of malignant cells. 

Microscopic examination of the biopsy specimen from the right upper lobe carina 
demonstrated squamous cell carcinoma in the bronchial submucosa. The biopsy from the 
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left upper lobe bronchus was unsatisfactory and consisted of cartilage. The bronchial 
aspirate demonstrated anaplastic tumor cells in the bronchial secretions from both sides. 

On Feb. 11, 1959, bronchoscopy was carried out again to obtain a biopsy from the left 
upper lobe carina. There was no evidence of tumor visualized on the right side and no 
significant changes were noted. The segmental bronchi of the left upper lobe bronchus were 
again partially occluded with green exudate in the anterior segmental bronchus. This was 
aspirated and an obstruction was not visualized. A generous biopsy of the left upper lobe 
carina was obtained from multiple sites and submitted for microscopic examination. This 
specimen demonstrated poorly differentiated squamous cell carcinoma in the submucosa of the 
left upper lobe carina. 

The diagnosis of bilateral simultaneous primary squamous cell carcinoma of the lung 
was made and the patient was treated with Chloromycetin for 2 weeks to improve the 
pneumonitis distal to the bronchial obstruction. A course of x-ray therapy was advised on 
an outpatient basis for palliative treatment. The possibility of pulmonary resection was 
discussed at some length but was thought inadvisable in view of the finding of tumor in the 
submucosa of both upper lobe carinas. It was felt that curative resection would not be 
feasible in this patient. 


DISCUSSION 


Bilateral simultaneous primary invasive squamous cell carcinoma of the 
lung diagnosed in a living patient is most unusual and has not been reported. 
Howard and Williams! recently described a patient with squamous cell ecar- 
cinoma of the right main bronchus treated by pneumonectomy who had ear- 
cinoma in situ in the middle lobe and right lower lobe bronchus discovered by 
microscopic examination of the surgical specimen. This patient died on the 


twenty-fourth postoperative day from a bronchopleural fistula and empyema. 
Examination of the autopsy material demonstrated a small microscopic area of 
invasive squamous cell carcinoma at the junction of the left upper lobe and 
the left lower lobe bronchus. Other authors? have reported similar cases of 
squamous cell carcinoma of the lung, treated by pulmonary resection, in which 
a squamous cell carcinoma of the lung was detected years later in the opposite 
lung by follow-up x-ray studies or by examination of the autopsy material. 
The presence of carcinoma in situ in one lung when the other has been the site 
of invasive squamous cell carcinoma has been reported.* * 

This case report is unique in that bilateral pulmonary neoplasms were en- 
countered which simulated a chronic inflammatory process on initial examina- 
tion. A bronchogram demonstrated abrupt segmental bronchial obstructions in 
both upper lobes suggesting a tumor as the most likely cause of this endobron- 
chial abnormality. Bronchoscopy and bronchial biopsy demonstrated squamous 
cell carcinoma in both the right and left upper lobe bronchi. The position of 
these tumors did not allow curative resection and treatment consisted of anti- 
bioties to decrease pneumonitis. Palliative x-ray therapy was advised if further 
symptoms developed. 

The possibility that one of these lesions could be a metastasis from the other 
side was considered but thought to be unlikely for several reasons: 1. Squamous 
cell carcinoma of the lung rarely, if ever, develops a solitary metastasis in the 
contralateral lung. 2. An abrupt endobronchial obstruction usually indicates 
the presence of a primary bronchogenic carcinoma.” 3. If one lesion represented 
metastasis by lymphatic extension, a positive bronchial biopsy would have been 
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expected to show involvement of the submucosal lymphatics on the first examina- 
tion. However, normal bronchial mucosa was obtained from both the right 
and left upper lobe bronchi at the time of the initial biopsy, indicating that 
submucosal spread of the tumor had not occurred across the carina to the op- 
posite side. 

The presence of bilateral, central pulmonary lesions with abrupt endobron- 
ehial obstruction and normal intervening bronchial mucosa certainly suggests 
the presence of bilateral, simultaneously occurring, primary squamous cell car- 
cinoma of the lung. 


SUMMARY 


1. The ease history of a patient with bilateral, simultaneous primary squa- 
mous cell carcinoma of the lung is presented. 

2. Bronchography demonstrated bilateral bronchial obstruction suggesting 
malignancy rather than infection. 

3. The diagnosis was substantiated by bronchoscopy and bronchial biopsies 
which showed the presence of bilateral invasive carcinoma of the lung in a 
living patient. 
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AN UNCLASSIFIABLE TUMOR OF THE ESOPHAGUS 


A Case Report 


Victor Hay-Roe, M.D., Rogers Lee Hill, M.D., and 
W. Harold Civin, M.D., Honolulu, Hawaii 


ANE! recently reported a series of cases of peculiar stromal change associated 
L with squamous cell carcinoma. He reviewed no esophageal cases, but Stout 
and Lattes? discussed and illustrated 2 similar cases in the Armed Forces In- 
stitute of Pathology Fascicle on Tumors of the Esophagus. At about this time 
we were puzzling over an unusual esophageal lesion. 


CASE REPORT 


J. L. K., a 56-year-old Hawaiian man, was first seen in January, 1957, complaining of 
pain in the right side of his throat, progressive dysphagia, hematemesis, and marked loss 
of weight. 

Past history revealed treatment for pulmonary tuberculosis from 1950 to 1955. He had 
also been treated for syphilis in the past. 

Physical examination revealed a poorly-nourished man who showed evidence of recent 
weight loss. X-ray studies of the chest showed considerable interstitial fibrosis and extensive 
pleural thickening on the right side. Esophagoscopy disclosed a large necrotic mass of what 
appeared to be impacted food, 20 em. from the incisors. Biopsies were reported as showing 
‘‘sarcoma, type undetermined. ’’ 

The patient was prepared for esophagectomy and, through an upper abdominal incision, 
the stomach and lower esophagus were mobilized. A right thoracotomy disclosed a lung 
densely adherent to the chest wall, and much bleeding was encountered in mobilizing it. 
The esophagus was freed and the tumor palpated within it, just inferior to the aortic arch. 
During the procedure, the blood continued to ooze profusely from the right thoracic cage 
and the patient required multiple transfusions. His blood pressure dropped progressively 
and became unobtainable in spite of ten pints of blood, several of which were pumped in 
under pressure, and it was thought that the surgery should be terminated as rapidly as 
possible. Since the tumor could be moved up and down within the esophagus and was at- 
tached by only a small pedicle, a longitudinal esophagotomy was made and the tumor ex- 
truded from the esophagus. The pedicle was less than 1 cm. in diameter and was attached 
just below the arch of the aorta. A segment of esophageal wall, 2 cm. in diameter, sur- 
rounding the base of the pedicle was excised and the esophagotomy and the chest were closed, 
with two chest drainage tubes inserted through separate stab wounds. These were con- 
nected to water-seal suction. No evidence of metastases was found during the procedure. 
At the termination of the surgery the blood pressure ranged from 40 to 60 mm. Hg systolic 
but, with transfusion of 1,500 ¢.c. of blood, it gradually returned to normal levels. The 
patient made an uneventful recovery. 
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Pathologic Report (1).—The specimen consisted of an irregularly lobulated, ovoid, 
gray mass of soft tissue weighing 88 grams and measuring 10 cm. in greatest dimension. 
Microscopic examination revealed what was interpreted as a grade 2 leiomyosarcoma and a 
grade 3 squamous cell carcinoma (so-called collision tumor). This lesion was later reviewed 


Fig. 1. 


Fig. 2. 


Fig. 1.—Resected segment of esophagus with sessile mass in the center and polypoid 
mass at one edge of the resection. 

Fig. 2.—Close-up of polypoid mass near one edge of resection. The smaller polypoid 
mass extending from the base of the larger one can be seen above the large one in the photo- 
graph. At the left hand side of the photograph is a portion of the sessile mass. 


and the possibilities of a leiomyoma with an associated squamous cell carcinoma, a car- 
cinoma with pseudosarcomatous stromal alteration, or a carcinoma with areas resembling a 
sarcoma were also entertained. 

The patient was ambulatory and able to eat soft foods on the fourteenth postoperative 
day, and he was discharged. 
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Because of the inadequacy of the surgery performed, the possibility of further surgery 
was suggested, but the patient refused. He gained weight and did fairly well for several 
months, but in January, 1958, he returned complaining of mild dysphagia and recent weight 
loss. Esophagograms at this time revealed two filling defects, one in the upper esophagus, 


Fig. 3.—Photomicrograph showing masses of grade 3 squamous cell carcinoma invading 
esophageal wall. (Hematoxylin and eosin. A, X45-B, X265; both reduced 1%.) 


the other just above the cardia. Esophagoscopy and biopsy proved the presence of recurrent 
tumor, and the patient then consented to further surgery (exactly 1 year following the first 
operation). 

He was readmitted on Feb. 18, 1958, and a radical subtotal esophagectomy was carried 
out through the left chest, using a combined cervical, thoracic, and abdominal incision. The 
stomach and duodenum were mobilized and the gastric cardia was anastomosed to the re- 
maining esophageal segment in the neck. Careful examination revealed one area in which 
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the wall of the esophagus was indurated, but no spread through the wall could be detected. 
Critical exploration of the abdomen (including liver biopsy) and thorax revealed no evidence 
of metastases. 


Pathologic Report (2).—The specimen consisted of a segment of esophagus measuring 
21 em. in length and weighing 105 grams (Fig. 1). Five centimeters from one end was a 
polypoid growth, 5 cm. in diameter (Fig. 2), which was attached by a narrow pedicle, ap- 
proximately 1 cm. in diameter. At the base of this mass was another small pedunculated 
daughter growth, 1 cm. in diameter. 


About 5 cm. from the other end, and extending to the mid-portion of the esophagus, 
was a sessile, nodular ulcerated growth which measured 1.5 to 2.5 em. above the mucosa. 
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Fig. 4.—Medium-power view of anaplastic stromal giant cells. (Hematoxylin and eosin X<265.) 


Microscopically, the major part of the sessile tumor was composed of nests, masses, 
and columns of squamous cells (Fig. 3) with variably chromatic and pleomorphic nuclei, 
and cells showing anisonucleosis growing in the thickened submucosa and superficial mus- 
cularis propria. Where the mucosa was not ulcerated, the covering squamous epithelium was 
entirely normal and there was no evidence of surface origin of the lesion which appeared to 
have spread submucosally. No stromal change was seen. No lymphatic channels were noted 
to contain tumor emboli. 

The pedunculated tumor and its offshoot were composed of a core of round and 
spindle-shaped cells with hyperchromatic oval nuclei. Cytoplasm was variable in amount, 
and cell membranes were often distinct, although at times indistinct. A large number of 
multinucleated giant cells (Fig. 4), not of the foreign body type, was present also. There 
was some infiltration by lymphocytes and plasma cells. The surface of the tumor was 
represented by a squamous cell carcinoma showing some superficial invasion and ulceration. 

It is interesting to note that although known malignancy had been present for over 
a year at the time of the second operation, no metastases could be demonstrated. Even 
infiltration of the esophageal wall was not extensive. The lower mass may have been present, 
although certainly less extensive, at the first operation. However, it may not have been 
present then. 
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Following surgery the patient did poorly; he was dyspneic and slightly cyanotic with 
marked decrease in pulmonary capacity. He became rapidly worse and died on the first 
postoperative day. Death was probably a result of markedly reduced pulmonary capacity 
incident to an extensive fibrosis from an old tuberculosis. 


DISCUSSION 


This case illustrates an unusual esophageal tumor of a type which has been 
infrequently described in the literature. Lane,’ in Stout’s laboratory, reported 
several cases of similar tumor occurring in the mouth, pharynx, and larynx. 
These polypoid growths he designated as pseudosarecomas occurring in associa- 
tion with a squamous cell carcinoma. In his opinion, factors present in the 
connective tissue adjacent to a squamous cell carcinoma could stimulate the 
proliferation of connective tissue, resulting in a large polypoid growth with an 
inconspicuous squamous carcinoma at its base. He likens the proliferation of 
connective tissue to that seen following trauma or irradiation, as in the ‘‘ granu- 
lation tissue sarcoma’’ mentioned by Ewing.’ 

There seemed to be four possibilities concerning the lesion in this ease. 
It might have been (1) a carcinoma with pseudosareomatous change in the 
stroma; (2) a malignancy of the collision type; (3) a carcinoma and a benign 
stromal tumor, as Pearlman® thought some so-called carcinosareomas were, or 
(4) an anaplastic carcinoma. <A check for myofibrils revealed none and many 
nuclei appeared adjacent to the extranuclear material and not surrounded by 
this, so we veered away from a diagnosis of leiomyoma. 

The clinical course and apparent lack of metastases seemed against the 
diagnosis of anaplastic carcinoma. Also, because of lack of mitoses of the 
stromal elements and the rarity of occurrence, a malignant stromal tumor ap- 
peared unlikely. In favor of pseudosareomatous change was the absence of 
deep invasion by the stromal element, although the squamous cell carcinoma 
extended into the muscle wall. Pseudosarcoma was also suggested by the ability 
of the tumor to propagate in tissue culture on numerous transplants as polyg- 
onal and spindle elements, depending on where the tissue was taken. These 
former cells also showed spindling of the edges of the transplants (Fig. 5). 
These constituents were maintained by reculture every week or so for a period 
of 5 months. 

The emphasis placed on tissue culture in the diagnosis depends, of course, 
on one’s teaching and experience. Autonomous growth, which this tumor dis- 
played, is considered as a sign of malignancy by many; thus the stromal ele- 
ment might be considered as malignant. There is a marked tendency, however, 
for epithelial elements to spindle in tissue culture and this could be the ex- 
planation of the spindling. 

Stout and Lattes? have illustrated 2 similar cases but made no conjecture 
as to the mechanism of development. The authors stressed confusing the lesion 
with sarcoma and they also stressed that an intramucosal and occasionally an 
invasive squamous cell carcinoma is always present. 

A number of lesions called carcinosarcomas of the esophagus of polypoid 
character in the literature showed no metastases of stromal elements.*?* The 
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possibility that some of these were carcinomas with pseudosarcoma has been 
entertained by both Stout and Lattes? and Lane.! Metastases occurred chiefly 
in polypoid lesions incompletely treated or of long duration, a point to be con- 
sidered in the treatment of such lesions. 

The question as to whether or not one ean differentiate lesions in which 
the connective tissue element will metastasize from those in which it will not 
has not been resolved. Most such decisions would seem to be purely academie, 
because polypoid lesions with epithelial malignancy and stromal atypism, re- 
gardless of their origin, should be treated early and extensively since they often 
do not earry the dismal connotation of the usual squamous cell carcinomas of 
the esophagus. The usual squamous cell carcinoma ulcerates and infiltrates 
slowly although it gains access to lymphaties and metastasizes early. It does 


Fig. 5.—Photomicrograph of tissue culture growth in transplant which shows tendency 
<_< cells to spindle at the edges of the growth. (Hematoxylin and eosin X120; 
not give rise to symptoms until extensive infiltration of the esophageal wall 
(and often the adjacent mediastinal structures and lymph nodes) brings on 
dysphagia and weight loss. In contrast, the rarer group of malignancies repre- 
sented by this ease, by nature of their exophytie growth, usually cause dysphagia 
early and bring the patient to the physician while the lesion is still amenable 
to surgery. Furthermore, the intrinsic malignancy of the polypoid lesion ap- 
pears less. Bad results seem to be related to inadequate treatment. 

If, on biopsy of a polypoid tumor of the upper respiratory or digestive 
systems, a peculiar sarcoma-like (sometimes called sarcoma) proliferation of 
the stroma is noted, such a finding should alert the surgeon and the pathologist 
to the possible presence of an adjacent squamous cell carcinoma. Since the 
death of this patient the authors have been able to prove that such was the case 
in a tumor of the nasopharynx. An aggressive approach may be lifesaving. 
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SUMMARY 


An unusual tumor of the esophagus, showing both epithelial and connective 
tissue elements and differing from the usual esophageal malignancy, is reported. 
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AN UNUSUAL VARIATION OF CONGENITAL 
TRACHEOESOPHAGEAL FISTULA 


Case Report 


Ira S. Goldenberg, M.D., New Haven, Conn. 


Rgrtvsaner anomalies can frequently be explained on the basis of known 
embryological development. Some of the more complex structural defects 
such as tracheoesophageal fistula, however, are not understood completely so 
that conjecture and surmise play important roles in ascertaining development. 
Despite lack of complete knowledge, a classification of known types of tracheo- 
esophageal fistula has been accepted generally (Fig. 1). Variants from this 
grouping are uncommon. Such variants may sometimes corroborate previous 
ideas regarding development or they may confuse the situation further. The 
present report deseribes an interesting variation of tracheoesophageal fistula. 


CASE REPORT 


A male infant was delivered at another hospital on June 22, 1959, after a full-term, 
uneventful pregnancy. Labor and delivery were unremarkable. The mother was Rh negative, 
the father Rh positive, and the infant Rh negative. Two siblings were without congenital 
abnormalities. ; 

During the first day of life, constant suctioning of the oropharynx was necessary 
because large amounts of mucus were produced which interfered with the airway. When the 
child was 12 hours old the diagnosis of esophageal atresia with probable tracheoesophageal 
fistula was made after appropriate radiological studies. Thoracic hemivertebrae were also 
demonstrated on these films. The child was transferred to this hospital where exploration 
was carried out through a right thoracotomy. Continuity of a dilated esophagus was noted. 
Dissection of the trachea from the esophagus revealed a fistula to be present between trachea 
and esophagus high in the chest at the thoracic inlet. This was divided in routine fashion 
and the trachea closed with some difficulty because of the location in the low neck. A tube 
passed from the nasopharynx could be palpated in the esophagus distal to the esophageal 
opening but could not be passed through the opening. Esophagostomy at a lower level 
was then performed and a second catheter passed from below. This catheter emerged 
through the previous fistulous connection with the trachea. It was then apparent that a 
septum was present which divided the esophagus with a fistulous connection to the trachea 
inferior to it. The esophagus was then opened in its mid-portion and the septum divided. 
The esophagostomy openings were closed. 

The postoperative course was benign during the first few days after operation. Oral 
nutrition was started on the fifth postoperative day and went well for 24 hours. An episode 
of aspiration of a feeding occurred on the second day of feeding and severe pneumonitis 
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developed. Feedings were continued, however, and were uneventful until the eighth post- 
operative day when another aspiration episode took place. Radiographic examination of 
the esophagus, using thin barium, was dene and demonstrated patency of the esophagus with 
free flow to the stomach. Aspiration of barium occurred during the examination which out- 
lined the trachea, demonstrating a possible fistula to the esophagus at the level of the first 
thoracic vertebra. A gastrostomy was then done for feeding purposes. The child took the 
nutrition per gastrostomy well for 9 days when another episode of aspiration occurred. Follow- 
ing this, the pneumonia became more marked and several episodes of cyanosis were noted. 


Fig. 1.—The common types of congenital abnormalities of the esophagus (from Gross'). 


Fig. 2.—A diagrammatic representation of the patient reported here. The esophagus and 
oe rg been cut open to show the esophageal septum (solid black) and its relation to 
e fistulas. 


The general condition of the child deteriorated. On the twenty-third day of life a cardiac 
murmur was heard for the first time and it was evident that congestive cardiac failure was 
present. Digitalis was given but rapid worsening in the child’s condition followed and he 
died on the twenty-eighth postoperative day. 

Postmortem examination revealed the area of repair to be intact without evidence of 


leak. Meticulous examination of the specimen revealed a second, minute tracheoesophageai 
fistula in the neck, about 1.5 em. above the repaired one. This second fistula was so small 
as to have been overlooked during the preliminary appraisal of the organs (Fig. 2). 
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Marked hypertrophy of the right heart was present with interauricular and _ inter- 
ventricular septal defects and a bicuspid aortic valve. Coarctation of the aorta and a patent 
ductus arteriosus were present, as was marked hydrocephalus. 

Death was attributed to right heart failure. Acute cor pulmonale resulting from the 
marked pneumonia and consolidation of the lungs probably caused decompensation of the 
congenitally abnormal heart. 


DISCUSSION 


Unusual features in the patient presented here are (1) the septum in the 
esophagus associated with (2) the high location of the fistula to the trachea 
which was closed at operation and (3) the presence of a second tracheo- 
esophageal fistula in the neck which was noted at autopsy. This infant re- 
sembled a child reported by Singleton and Knight? in whom two fistulas were 
present—the first repaired successfully, the second found in the neck at post- 
mortem examination. 

A review of the normal development of the trachea and esophagus offers 
some suggestions as to the development here. During the fourth week of gesta- 
tion, the primordial respiratory tract anlage appears from the ventral side of 
the foregut. This outgrowth separates from the gut by the growth of bilateral 
longitudinal ridges which fuse. The fusion extends cranialward while the 
tracheal portion grows caudally rapidly. Some time before the seventh week 
of development it is believed that the esophageal lumen is obliterated by epi- 
thelial proliferation to recanalize during the eighth week. It is possible that 
the septum in the patient here represented a persistence of the obliteration of 
a segment of the esophageal lumen. Variation in growth rate of esophagus 
and trachea could account for the fistulas although it is difficult to explain the 
higher than usual location of them. 


SUMMARY 


A variation of congenital tracheoesophageal fistula has been presented in 
which there was esophageal continuity, a mid-esophageal septum, and two 
separate fistulas to the trachea. Autopsy following death on the twenty-eighth 
day of life disclosed additional abnormalities: hypertrophy of the right heart, 
interauricular and interventricular septal defects, bicuspid aortie valve, co- 
arctation of the aorta, patent ductus, and marked hydrocephalus. 
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BRONCHOGRAPHY THROUGH PUNCTURE OF THE 
CRICOTHYROID MEMBRANE 


Gerald B, Reams, Captain, USAF (MC),* and Morton A. Bosniak, 
Captain, USAF (MC),** Wimpole Park, England 


N VIEW of the (1) inconsistent radiologic results, (2) toxie anesthetic reactions, 
(3) technical difficulties, and (4) discomfort to the patient following any of 
the laryngeal catheterization methods by the oral or nasal route, it was decided 
to evaluate the method of bronchography, as originally suggested by Sicard and 
Forestier in 1922, which has been used much more frequently on the continent 
and in England than in this country. Numerous advantages and disadvantages 
appeared to us in our review of the literature and in our original consideration 
of this technique. The advantages appeared to be that, without the irritating 
presence of a catheter, the amount of local anesthetic necessary would be greatly 
reduced since only the subglottic portion of the tracheobronchial tree would 
require anesthesia. This in turn should decrease the number of toxie reactions 
as well as increasing the patient comfort and safety. Since the cough reflex 
as initiated by laryngeal and ecarinal stimulation was eliminated, it was believed 
that more constant radiologic results could be obtained. Technically the neces- 
sary positioning of the patient during the procedure, in order to obtain complete 
segmental filling, appeared to us to be a possible inherent weakness in this 
technique. Other disadvantages considered were the possibility of damage to 
the trachea, perforation of the esophagus, extravasation of the dye into the 
paratracheal tissues, the possibility of subeutaneous and mediastinal emphysema 
and infection, air embolism, or breakage of the needle in the trachea. 


HISTORICAL DATA 


Bronchography was originally performed by Chevalier Jackson! in 1905 
by means of insufflation of a bismuth subearbonate compound through the bron- 
chosecope. Sicard and Forestier? reported the use of Lipiodol by means of 
cricothyroid puncture in 1922. Numerous other technical methods have been 
used for the introduction of the bronchographic medium; the introduction of 
the nasal catheter into the trachea under topical anesthesia has been the most 
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widely used method in the United States. Due to its slow absorption and pos- 
sibility of tissue reaction, Lipiodol has now been supplanted, first, by a partial 
transition to the water-soluble bronchographie compounds which were not com- 
pletely satisfactory, and now to Dionosil which is an aqueous or oily suspension 
of a salt of the basic same acid as Diodrast. When warmed it has offered a 
medium of low irritation, good contrast, satisfactory viscosity, and disappears 
from the lungs within 24 hours. The choice of the topical anesthetic has changed 
from the use of cocaine originally to a now wide variety of potent agents of 
low toxicity. Both Xyloeaine and Cyelaine were used satisfactorily during 
this study. The bronchopulmonary segmental anatomic terminology, as sug- 
gested by Jackson and Huber® in 19438, was used for conformity in this study 
since the patients investigated represented the combined therapeutic problems 
of the medical, radiologic, anesthetic, and surgical teams. 


INDICATIONS 


The chief value of bronchography lies in the demonstration of the presence 
or absence of bronchiectasis. Its use, we believe, should not be restricted to 
those patients with the typical symptomatology of a cough productive of large 
amounts of sputum but should be given serious consideration in all cases of 
hemoptysis as an adjunct to other more commonly used methods of diagnosis 
to eliminate the possibility of unsuspected upper lobe involvement in the presence 


of a normal routine chest film. Its use as a guide in the surgical treatment of 
pulmonary tuberculosis is becoming a more widespread feature. Rare congenital 
abnormalities, as well as foreign bodies and tumors of the bronchus, may on 
occasion be diagnosed only by the performance of bronchography. The etiology 
of pulmonary eysts may also be ascertained, and other diseases, such as asthma 
and emphysema, may show not only slight morphologic changes but also changes 
in bronchophysiologie characteristics. Since we believe this to be a procedure 
which offers a good percentage of useful vield with low morbidity, the variety 
of clinical problems as mentioned above are considered indications for bronchog- 


raphy. 


TECHNIQUE 

Premedication in these cases has varied with the use of either a barbiturate 
90 minutes before the procedure combined with morphine and atropine 60 
minutes before the procedure as the standard, with use of the barbiturate 
or nareotie alone, or no premedication in certain individual cases. The former 
patients naturally were less apprehensive, with slightly diminished secretions 
and cough reflex. The personality make-up of the individual seemed to be as 
important as any factor in determining the difference between a very coopera- 
tive and comfortable patient and the small percentage of others who were not. 
A complete and thorough explanation of the procedure appears to be of the 
utmost importance in obtaining patient cooperation. The patient is positioned 
with the head slightly extended on the fluoroscopic table with the head of the 
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table elevated approximately 20 degrees. The area is prepared, using Phisohex 
and aqueous Zepharin. Local anesthesia of the skin and cricothyroid membrane 
is obtained by either 1 ¢.c. of 1 per cent Cyelaine or 1 per cent Xyloeaine. Fol- 
lowing this, a 16-gauge needle specially prepared with a short bevel, and of a 
length caleulated to penetrate one half of the diameter of the trachea from the 
skin, is inserted. Flexible polyethylene tubing is then connected to the needle 
and approximately 2 ¢.c. of 1 per cent Cyelaine is injected with the patient on 
his back, and 1 ¢.e. with the patient on his right side and 1 ¢.e. when on his left 
side. (In only one instance, early in our performance of this technique, was 
it necessary to reinsert the needle because of the vigorous swallowing of the 
patient.) After this procedure the patient is allowed to rest for several minutes 


Fig. 1.—Bronchographic materials. 


before, under intermittent fluoroscopic control, 15 ¢.ec. of warmed aqueous or 
oily Dionosil is injected with the patient on his back and then another 5 e.e. 
with the patient lying on his right side, having ttirned approximately 120 
degrees, then back on his left side through the same are for another injection 
of 5 ee. Filling is checked and, if satisfactory, films are taken at a target— 
film distance of 6 feet. If any segment is not filled satisfactorily he is positioned 
properly and another 5 ¢.¢. is injected before completion of fluoroscopy. After 
these films are viewed the patient is asked to breathe deeply and cough gently 
several times before the final posteroanterior film is taken. We have found that 
on oeeasions this will provide somewhat of a more definite air contrast coating 
of the bronchi without appreciable alveolar filling. The needle is removed and 
a small Band-aid dressing is applied which is removed in 24 hours. 


RESULTS 


During the period of study, seventeen bronchograms were performed by 
the laryngeal catheterization method using the same type of premedication and 
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anesthetic agents, except that with the latter cases, even when an aersol was 
used, anesthesia was never completely satisfactory using less than 12 ce. of 1 
per cent Xylocaine or 1 per cent Cyclaine, and it usually required slightly more. 
(This is in comparison with an average of 5 ¢.e. when using the cricothyroid 
puncture technique.) In the 17 catheterization cases, there was one con- 
vulsive reaction, 1 patient with transient cyanosis, and 3 patients with mild 
reactions of pallor, sweating, bradycardia, and hypotension. Ninteen crico- 
thyroid membrane puncture bronchograms were performed with the technique 


A. 


B. 


Fig. 2.—Bronchographic technique. A, Insertion of local anesthesia. B, Injection of the bron- 
chographic medium. 


outlined previously with only one instance of syncope and bradycardia in this 
group. In an evaluation of the diagnostic quality of the films, it was considered 
that there was incomplete filling in 4 of the 17 cases in the first group, 
whereas, in the latter, there was only 1 case in which the filling was not com- 
pletely satisfactory. The over-all quality was much better in the group which 
had had ericothyroid membrane puncture. As far as patient comfort was 





R.N. (No. 26501). An anteroposterior view 

left lower lobe. B, A.K. (No. 
24219). <A lateral view which shows bronchiectasis of the middle lobe and basilar segments 
of the right lower lobe. C, M.G. (No. 25512). <A right anterior oblique view which shows 
extensive basilar segmental bronchiectasis. 


Fig. 3.—Representative bronchograms. A, 
which shows bronchiectasis of the basilar segments of the 
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concerned, 5 patients of the second group had previously had laryngeal cathe- 
terization bronchography and all 5 expressed strong preference for the needle 
method. Technically, by using the method deseribed, there was less difficulty 
in filling the upper lobes through the needle than had been anticipated, although 
the head of the table was never lowered below 10 degrees above the horizontal. 
There was 1 patient in whom the needle did slip out of the trachea near the 
end of the procedure resulting in a minimal extravasation which cleared spon- 
taneously in 72 hours. One patient developed a nonhemolytie streptococcal 
cellulitis surrounding the site of the needle puncture and the same organism was 
cultured from the tracheobronchial tree. This responded well to appropriate 
antibiotic therapy and warm compresses but did prolong his hospital stay for 
several days beyond that which would have been required for the completion of 
his diagnostic workup. (Several of the films and a picture of the material neces- 
sary for the performance of this type of bronchography are included.) It is our 
belief that the use of a number of short beveled needles of various lengths, so 
that one ean be chosen of the correct leneth to measure just that distance be- 
tween the skin and the mid-diameter of the trachea, is a very important factor 
in the prevention of complications in this technique. 


DISCUSSION 


In a comparison of our limited series of patients between the nasal catheter- 
ization method with the ericothyroid puncture method, we were impressed with 
the advantages of the latter. In the group which had eatheterization there was 
one convulsive reaction which responded well to an intravenous barbiturate and 
oxygen, and one episode of transient cyanosis. Three patients showed milder 
reactions of pallor, sweating, bradyveardia, and hypotension, whereas, in the 
cricothyroid group there was only 1 ease of bradyveardia and hypotension which 
cleared spontaneously. 

In the group with ericothyroid puncture, there was 1 ease of minimal 
extravasation and 1 other in which a cellulitis developed around the injection 
tract which required treatment and prolongation of the hospital stay for several 
days. 

Taking all factors into consideration, it was our belief that the latter pro- 
cedure was the most satisfactory because of its decrease in anesthetic reactions 
and its overwhelming preference by the patients, particularly those on whom 
the catheterization method had been used previously. Its simplicity and ease 
of performance, combined with the production of much more satisfactory 
diagnostic films, are additional assets to be considered in the choice of methods. 
Our hope is that this method will be given a more widespread trial in the United 
States than it has had, in order to ascertain if the disadvantages mentioned 
earlier might not be more rare than originally anticipated. 


SUMMARY 


In view of the (1) inconsistent radiologic results, (2) toxic anesthetic reaec- 
tions, (3) technical difficulties, and (4) discomfort to the patient following 
the usual catheterization method of bronchography, it was decided to evaluate 
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the transtracheal method, as described by Sicard and Forestier in 1922 and 
used more generally on the continent and in Great Britain than in the United 
States. 

The patient is prepared for this procedure by a combination of morphine 
and atropine given 1 hour before the procedure with a barbiturate some- 
times added, although the technique has been satisfactorily performed with no 
premedication. The patient is positioned on the fluoroscopic table with the 
neck slightly hyperextended. Local anesthesia is obtained by a total dose of 
5 ¢.e. of the anesthetie solution (1 per cent Cyelaine or Xyloeaine) and the 
bronchographie medium is injected through a 16 gauge needle which has been 
inserted through the ericothyroid membrane. It is of importance that this 
needle be of such length as to approximate the distance between the skin and 
the mid-diameter of the trachea. Dionosil is used as the bronchographic 
medium and bronchial filling of all segments is accomplished by positioning of 
the patient, being careful not to lower the head more than 10 degrees in order to 
prevent reflux into the unanesthetized larynx. 


In evaluating this method, bronchoscopy performed by catheterization was 
compared with that performed transtracheally, with the latter method being 
the more satisfactory in our hands in alleviating the difficulties mentioned. It 
is hoped this technique will now be given a more widespread trial to ascertain 


its true place in our diagnostic armamentarium. 
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ERRATUM 


The dates of the next meeting of The American Association for Thoracic 
Surgery were erroneously given on the cover of June Issue as May 24, 25, and 
26, 1961, instead of April 24, 25, and 26, 1961. 
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ANNUAL MEETING NOTES 


The Fortieth Annual Meeting of The American Association for Thoracic Surgery was 
held in Miami Beach, Florida, May 11, 12, and 13, 1960. There were 892 physicians who 
registered for the scientific sessions. In addition there were 109 wives present. The repre- 
sentation from foreign countries was rather impressive, particularly from the Far East. 

The meeting arrangements were satisfactory except for an unavoidable and incompre- 
hensible mismanagement of the hotel reservation arrangements at The Deauville, as well as 
their satellite and supporting institutions along the Beach. 

As a result of extended deliberations over several years, by the Council, by special com- 
mittees, as well as the Executive Session and the voting membership, the following proposals 
affecting the membership structure of the Association and embodying changes in the Con- 
stitution as well as the By-Laws were adopted after due process. 


CONSTITUTION: ARTICLE III. MEMBERSHIP 


Former.— ‘ Section 1.—There shall be four classes of members: Active, Associate, Senior, 
and Honorary. Admission to membership in the Association shall be by election. There shall 
be no numerical limits on any class of membership. Only Active and Senior members shall 
have the privilege of voting or holding elective office.’’ 

Adopted.‘ Section 1.—There shall be four classes of members: Active, Associate, 
Senior, and Honorary. Admission to membership in the Association shall be by election. Mem- 
bership shall be limited, the limits on the respective classes to be determined by the By-Laws. 
Only Active and Senior members shall have the privilege of voting or holding elective office.’’ 

Former. Section 2.—Election to all classes of membership shall be for life, subject 
to the provisions of Section 3, following.’’ 

Adopted.—‘‘ Section 2.—Election to Active, Senior, and Honorary Membership shall be 
for life, subject to the provisions of Section 3, following. After the 1960 Annual Meeting 
of the Association election to Associate Membership shall be for a limited period of time, 
as determined by the By-Laws. During this limited period, an Associate Member, if properly 
qualified, may be elected to Active Membership. At the expiration of this limited period, an 
Associate Member, if not yet qualified for Active Membership, must either be reelected to 
an additional period of Associate Membership, or be dropped from the rolls of the Associa- 
tion.’’ 


o 


Section 3. Unchanged. 


By-Laws: ARTICLE IIT 


Former.—‘‘ Section 2.—There shall be no numerical limit on Active Membership. The 
candidate, to be eligible, must be a citizen of the United States of America or of Canada, 
unless in unusual cases this citizenship requirement shall have been waived by the Council. 
The candidate shall have achieved distinction in the thoracic field, or shall have made a meri- 
torious contribution to knowledge pertaining to thoracic disease or its surgical treatment. 
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Under usual circumstances, Active Members shall be elected from the Associate Members who 
have satisfied all requirements for Active Membership. Under unusual circumstances, Active 
Membership may be awarded to new candidates of outstanding distinction.’’ 

Adopted.‘ Section 2.—Active Membership shall be limited to three hundred fifty.’’ 
(The remainder of the Section unchanged.) 


Former.—‘‘ Section 3.—There shall be no numerical limit on Associate Membership. 
The candidate, to be eligible, may be a citizen of any country. All candidates for Associate 
Membership shall be engaged actively in the practice of clinical medicine, or in teaching, or 
investigative work in the basie sciences underlying clinical practice, and all shall have demon- 
strated an active interest in thoracic disease. In the case of those who are engaged in the 
independent practice of thoracic surgery, it shall be required that they present evidence of 
sound basic training in general as well as thoracie surgery. Clinicians of outstanding ability, 
whose interest is limited to a small fraction of the entire thoracic field, may be elected to 
Associate Membership. ’’ 

Adopted.—‘‘ Section 3.—There shall be no numerical limit on Associate Membership. 
The candidate, to be eligible, may be a citizen of any country. All candidates for Associate 
Membership shall be engaged actively in the practice of clinical medicine, or in teaching, or 
investigative work in the basie sciences underlying clinical practice, and all shall have demon- 
strated an active interest in thoracic disease. In the case of those who are engaged in the 
independent practice of thoracic surgery, it shall be required that they present evidence of 
sound basic training in general as well as thoracic surgery. Clinicians of outstanding ability, 
whose interest is limited to a small fracticn of the entire thoracic field, may be elected to 
Associate Membership. The limited period of time for Associate Membership, as required 
by ARTICLE III, Section 2, of the Constitution, shall he five years.’ 

A change which would limit the number of visitors at each meeting was defeated. Thus, 
the scientific sessions still remain open to those interested and qualified physicians who register 


in appropriate manner. 


The following changes in membership status were approved by the Council and passed 
by the membership in Executive Session: 

Four members were dropped from the rolls of the Association either through the aec- 
ceptance of their resignations or because of nonattendance. 


The following Active members were elevated to Senior status: 


J. Dewey Bisgard James L. Mudd 
Joseph W. Gale George F, Skinner 
Ernest C. Janes George Willauer 
Clarence A. MeIntosh 


The following Associate members were elevated to Active membership: 


Thomas G. Baffes Harvey W. Kausel 
James S. Battersby John Lester Kee, Jr. 
Philip E, Bernatz James Alastair Key 
William 8. Blakemore Earle B. Mahoney 
Ivan W. Brown, Jr. Elliott Michelson 
John C. Callaghan Peter V. Moulder 

E. Stanley Crawford Thomas F, Nealon, Jr. 
John F,. Dammann, Jr. David C. Sabiston, Jr. 
Julio C. Davila Frank C. Spencer 
William W. Heroy Lawrence H. Strug 
Charles A. Hufnagel Frederick H. Taylor 
Karl E. Karlson William I. Wolff 
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The following candidates were elected to Associate membership: 


Jesse E. Adams, Jr., Chattanooga, Tenn. 
Murray N. Andersen, Buffalo, N. Y. 

John E. Connolly, San Francisco, Calif. 
Milton V. Davis, Dallas, Texas 

Hugh F. Fitzpatrick, New York, N. Y. 
Joseph J. Garamella, Minneapolis, Minn. 
John P. Heaney, San Antonio, Texas 
Robert H. Holland, Dallas, Texas 

James B. Littlefield, Charlottesville, Va. 
Daniel E. Mahaffey, Louisville, Ky. 
Charles V. Meckstroth, Columbus, Ohio 
Fletcher A. Miller, Minneapolis, Minn. 
Thomas C. Moore, Indianapolis, Ind. 
Edward R. Munnell, Oklahoma City, Okla. 
Joseph W. Peabody, Jr., Washington, D. C. 
Robert G. Pontius, Pittsburgh, Pa. 
George Robinson, Mount Vernon, N. Y. 
Dennis M. Rosenberg, New Orleans, La. 
Robert J. Schramel, New Orleans, La. 
Thomas W. Shields, Chicago, Tl. 

Harold C. Spear, Miami, Fla. 

Warren J. Taylor, Boston, Mass. 

Milton Weinberg, Jr., Evanston, Il. 
William Glenn Young, Jr., Durham, N. C. 





